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THE VASCULAR AND CELLULAR DYNAMICS OF SHOCK. =>= 
By Virgil IT. Moon, M.D., 

rnoriissou or i'atholoi:y, thk jkffersox micdicat. coi-lp:ge and hospital, 

PinLADELPIUA, PA. 

The phenomena ol' shock have both fascinated and baffled physi- 
cians for more than a century. Few conditions of disease have been 
subjected to more diversified or more penetrating investigations 
than tin's, yet final clarification has been delayed. We shall not 
review the attempts to solve this enigma nor summarize the result- 
ing eontributions of faetual evidence. Rather, we shall inquire 
why diligent efi'orts have led to divergent interpretations. An 
analysis of the causes for disagreement may be more illuminating 
than a reexamination of the existing data. 

Shock has been our chief interest for many years, during which 
we have retraced many trails left by our predecessors and have 
made several excursions into regions not hitherto explored. More 
than 400 animals have been used in experiments on various phases 
of the problem, and the antemortem features of shock have been 
compared with the necropsy findings in more than 100 clinical cases. 
This .statement merely indicates that the material .studied was 
adequate in amount. Out of these experiences has grown the con- 
viction that the conflicting interpretations of shock have originated 
from four major sources. Attention is invited succe,ssively to each 
of these causes for confusion. 

Circulatory Failure of Capillary Origin. Deficiency of knowledge 
concerning the functions and reactions of capillary endothelium was 
the first major hindrance to a comprehension of shock. A clearer 
understanding of capillary physiology (Krogffl'^), and of the related 
mechanisms of water balance and cell permeability, has removed 

This paper was prepared by request of the Council of the American Association 
of Pathologists and Bacteriologists for prp.soiitafion at. their Annual Session, April 11, 
1941. 
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MOOX: VASCCLAK AXD CELLULAR DYKAMICS OF SHOCK 

this hindrance and has illuminated many processes which formerly 
were obscure. A brief reference to capillary reactions is essential 
to the discussions which follow. 

Each organ and tissue has a supply of capillaries adequate to its 
maximal circulatory needs. In resting or inactive tissues most of 
these are contracted and bloodless, while in functioning tissue they 
are hyperemic. Barcroft- showed that muscles during activity re- 
quire 20 to 40 times more blood than when at rest. Functioning 
cells consume oxygen and liberate products of metabolism and since 
capillary endothelium is delicately susceptible to lack of oxygen, 
the walls relax and the endothelium becomes more permeable when- 
ever moderate anoxia, develops. This relaxation allows an increased 
How of arterial blood, supplying oxygen and other nutrients. Fresh 
arterial blood contains a hormonal substance, perhaps of pituitary 
origin, which causes the capillaries again to contract. This limits 
the How of blood until lack of oxygen and/or the accumulation of 
metabolites again causes relaxation. Thus the local circulatory 
cycle is repeated at a rate commensurate with the functional activity 
of the cells. 

Endothelium, which is very sensitive to anoxia and to metabolites, 
is highly susceptii)le to other agents also. Heidenhain,’^ some 
.30 years ago, discovered that peptone will produce a decline in blood 
pressure accompanied by an increased flow of lymph when given 
intravenously to dogs. lie found that extracts of various marine 
animals and of normal tissues, as liver, pancreas, mucosa, muscle 
and others, produced the same effects. He noted that both the 
volume and the protein content of the lymph were increased while 
total .‘^olids of the blood were increased and its plasma volume was 
decreased. The latter change is now designated by the term hemo- 
rnnccniwiion. lie stated that these effects arc characteristic of the 
action of these “lymphagogues” and attributed them to increased 
secretory activity of the endothelium. 

.\fter the la])se of half a century, increased knowledge of capillary 
physiology has revealed the full significance of Ileidcnhain’s observa- 
tions. Tlie increased flow of lymph, its high protein content, tiie 
declining blood jwessure. the decreased plasma volume and the 
hemoconeentration, result from the leakage of j)lasma through 
endothelium rendered abnormally permeable by the effects of the 
agents U'^ed. Many other substances have been shown to produce 
the .same effects. These include certain alkaloids, diphtheria toxin, 
tuberculin and other bacterial products, foreign proteins and prod- 
ucts of ])rotein cleavage, histamine, bile and cholic salts, venoms 
and many <lrugs, chemicals and poisons. These agents have been 
i-alled capillary jioisons for they have one property in common— 
that of pnxlueing relaxation and incrcastxl perm(‘al)ility of capillarj' 
endothelium, 

'rhc'C reaction.^ illmninale a type of <'iren!atory di'turiianee 
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which hitherto was imperfectly understood. The effects described 
tend to create a disparity between the volume of blood and the 
volume capacity of the vascular bed. Dilatation of the capillaries 
and venules incrcafirs the volume capacity, while leakage of plasma 
through the capillary wall hirers the total blood vohme. This dis- 
jiarity, if marked, impairs the systemic circulation and produces 
characteristic morphologic changes in the viscera. The latter con- 
sist of dilatation and engorgement of capillaries and venules, petech- 
ial hemorrhages resulting from endothelial dissolution, stasis as 
shown by compact masses of corpuscles in the minute vessels, 
edema of soft tissues and acute granular degeneration, often accom- 
panied by focal necroses, in parenchymatous organs. 

Incipient disparity between the volume' of blood and the volume 
capacity of the vascular bed is compensated for by physiologic reac- 
tions. Imjjulscs, probably originating in the carotid sinus, activate 
the sympatho-adrcnal system. The systemic action of adrenalin 
stimulates the myocardium, mobilizes glucose from the liver, con- 
tracts the jDcripheral arteries, and causes the discharge of reserve 
blood from the spleen and other reservoirs. So long as this com- 
pensation is adequate, there is no ominous decline in the arterial 
blood ])ressure, but the latter is maintained at the expense of volume 
flow. When finally the mechanism of compensation becomes inade- 
quate, the blood pressure declines progressively and the circulatory 
deficiency is manifested clinically. 

Clinical Features. Prostration is evident; the patient is pro- 
foundly depressed, weak and restless. The pulse is rapid, feeble 
and of small volume. The extremities are cold and the body tem- 
perature is low. The face is drawn, ashen or livid in color, anxious 
in expression, and moist with cold sweat. The eyes are sunken and 
surrounded by bluish rings, producing the classical “Hippocratic 
facies.” Thirst is incessant, but attempts to relieve it are ineffec- 
tive because of vomiting. The fluid vomited is often in excess of 
that swallowed and it usually contains small brown flocculi. Per- 
spiration is profuse, and there may be diarrhea. The respirations 
are shallow and interspersed with deep sighs. Urination is scanty 
or suppressed. The blood pressure deelines progressively. Con- 
sciousness is- retained until finally there is loss of sensitivity, of 
responsiveness to stimuli and of reflexes. Unconsciousness or coma 
precedes death. 

The clinical syndrome just described is accompanied by an equally 
characteristic group of departures from physiologic constants. 
These are: a reduced total and effective blood volume; a reduced 
minute volume cardiac output and volume flow of arterial blood; 
liemoconcentration, increased ' non-protein nitrogen, glucose and 
potassium content of the blood; reduced metabolism, alkaline 
reserve, chloride and oxygen content, and delayed coagulability of 
the blood. An increased flow of lymph from the thoracic duct is 
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:in early and constant feature when this condition is produced 
experimentally. 

Fluid Balance. Hemoconcentration, which means an increase in 
the ratio of erythrocytes to plasma per unit volume of blood, is a 
highly significant^ feature in the pathologic physiology of shock, 
Sherrington,-® Crile,® Henderson*® and other early investigators 
noted this phenomenon in experimental shock; f'obbett,® Iving’® and 
\jjleM recorded its occurrence in surgical shock. During the 
previous World War it was found that hemoconcentration was the 
earliest detectable sign of shock in wounded soldiers (Cannoid). 
The erythrocytic counts ranged from about 6,000,000 in mild cases 
to over 9,000,000 in severe shock. These cases were differentiated 
from the effects of hemorrhage by the clihdio}! of blood resulting 
from the latter. A survey of the recorded observations-*'* indicates 
that the blood regularly becomes concentrated as circulatory failure 
of capillary origin develops. This results from loss of plasma 
volume incident to leakage of fluid into the tissue spaces, due to 
abnormal permeability of the endothelium. It is integrally related 
to the increased flow of lymph discussed previously and also to the 
de\'elopmcnt of edema. It appears that these phenomena occur 
whenever and however the endothelium in an extensive visceral 
area is damaged. 

Any type of injury to endothelium' renders it abnormally perme- 
able to plasma, and, if extensive, it deranges seriously the mecha- 
nism of water balance and of absorption. The movement of fluid 
between the blood and the tissues depends upon the action of 
several factors, including capillary blood pressure, osmotic j)ressure.s, 
electrolytic concentrations, hormonal substances and others. Bid 
the prencncc of n normal tiemipermeublc membrane, ifie niHlofftclinm, A- 
nbftohilehi cftnpnlial to the adion of ihr.se forces in imcscm'ug a phy.sio- 
logic rclatioushiji hehcccn infrara.scidar and rxtrnra.scidar fluids. So 
long as the endothelium is able to perform its part in the mainte- 
nance of fluid balance, no hemoconcentration oecur.s. A change in 
the permeability of the endothelium deranges the proccsse.s by which 
both blood volume and concentration arc maintained at jjhysiologic 
levels. A significant increase in the concentration of tlie lilood is 
of grave importance for it indicates a derangement in the vital 
Tiicchanism of water balance. 

Increased Cellular Permeability. This play.s a role in the patho- 
logic jffiysiology of shock, not le.'^s .'significant than endotliellal per- 
im-ability. .Students of cell jffiy.'^iology (Lucke and !McCutcheon s'* 
n'view) liuve shown that the outer }>rotnplasmi(! surface of each liv- 
ing cell functions as a semipermeable membrane and tli.at, by 
virtue of this, t'ach cell behaves ns an osmotic unit, .'^oiiie property 
posses>ed by living j>rotoj)lasm maintains chemical concentrations 
within the cell, diircring marketlly from those of the external fluid 
((iamble’- s. .'^<.mc of tiic-e arc shown in Diagram 1 : 
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INJURY' TO CELLS. 


CcUiilar flitid 

K. Mk. Ca 
-IIPO^. -SO< 
Na.-Cl.-HCOj 


Extra-cdl ular Jhiid 
] . f K, Mb. Ca 
i \ -IIPOi, -.SO4 
< Na. -Cl. -HC0.1 


Cellular ‘Result. Exlra-cdlulor 


K. Mg, Ca, Na 1 
-HPO4, -SOi [ = 
-Cl, -HCO,, 1 


’ K, Mg, Ca, Na 
-HPO.,, -SO4 
, -Cl, -HCO.-, 


IJI.VUU.VM 1.— 'J'lin aliiiity (o niaiulaiii iiornuil difforencc.s in concentration.s is 
r«'(hicccl hy jiny kind of ct'llular injui-y and is lost, entirely as llio coll dies. This 
allows clecfrolyles to pa.ss freely from the region of the higher eoncentration to that 
of the lower, thus tending to ecinalize the difforenees in composition. 


For c.vjHiipIc, the celkihir .'ind extracelJuJar fluids differ widely in 
their normal content- of potassium, the approximate degree of which 
is .shown in tlic following ratio: 

K (Cellular) :K (Exlra-eellular) =21:1 

"J’he extracellular fluids liave been estimated as 15 % of the 
body weight. A simple computation, on the basis of these figures, 
indicates tliat complete equalization in the ionic concentrations 
would result in raising the potassium content of the extravascular 
fluids to approximately IS times its normal level. None of the 
published data, on chemical alterations in the blood during shock, 
liave shown such a high potassium content as this. It is evident 
that this maximal level could only be reached by complete equaliza- 
tion of the chemical concentrations, which condition probably would 
occur at or after death. Cellular injury tends to allow equalization 
in the concentration of other ions as well. 

Scudder-5 suggested that the high potassium content of the plasma 
and interstitial fluid cuvsed cellular injury and thus Avas an important 
etiologic factor. HoAvever, his data shoAV that hemoconcentration 
prccedcjf the chemical changes. Thi.s indicates that the latter are 
effects rather than causes. 

.The same injurious agents, Avhich disturb the fluid balance by 
affecting the endothelium, may also disturb chemical concentra- 
tions by increasing cellular permeability. The former effects result 
in shock accompanied by hemoconcentration; the latter effect pro- 
vides a satisfying explanation for the accompanjung chemical altera- 
tions in the plasma and ti.ssue fluids. The constancy of cellular 
eindronment, physioloqic homeoatimm (Cannon'*), is destroyed and 
the mechanism for its restoration is Aotally deranged. This dis- 
turbance of electrolytic balance is scarcely less serious than the 
a.ssociated disturbances of the circulation and of fluid balance. 

Few conditions of disease have a more typical clinical picture, 
more significant physiologic pathology and more characteristic vis- 
ceral changes than those depicted. They are the clinical and patho- 
logic features which are distinctive of circulatory failure of capillary 
origin. The terra shoclc. is commonly used to denote this syndrome. 
It may be defined in physiologic terms as a type of circulatory faihirc, 
not central hut peripheral in origin, characterized hy decreased blood 
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whmc, decreased whtme floic and by hcmoconcentration. This type of 
circulatory failure may de^•elop after severe traumatic injury, pro- 
longed or complicated surgical procedures, and after extensive burns 
of the skin. It occurs also incident to abdominal emergencies such as 
■strangulation, perforations, intestinal infarction, pancreatitis, and 
it is seen in intoxications, infections of unusual severity, serum dis- 
ease and in acute poisoning of diverse kinds. The same syndrome 
may be produced experimentally by traiuna, intestinal manipula- 
tion, burns and by other forms of tissue abuse in animals or by the 
injection of various capillary poisons previously referred to. 

When this syndrome results from traumatic injury, extensi\'e 
surgery or ti.ssue abuse, it is usually complicated by hemorrhage 
and by other factors; but it can be produced in uncomplicated form 
by various agents which cause endothelial damage. The mechani.sm 
of this type of circulatory disturbance may be shown diagrammati- 
cally. I\Iost important in that mechanism are the two major factors, 
capillary akmy and nao.rfn which, because of their reciprocal effects, 
give this mechanism the self-perpetuating quality of a vicious circle 
(Diagram 2). 



Du»!Ihm ~ — Uo<iuction of Loth Hoo<l voUinic niid of voliimo flow results from 
dilatation and .abnorm.nl perme.ability ol eaidliaric^. .V rediired doliverj- of oxycen 
e.aiixe.-' anoxia in the tifsiie.-. Lark of oxycen of it.^elf eam^e? dilatation and perme- 
ability of cai>illarif.i. Thi“ re!ation“hii> civc- the meehaiii-m the eharaeter of a 
virions rirele. 


In my opinion, the greate.st ob.^tacle to jigreement lias iieen tiiaf. 
nuiny regard traumatic shod: as a separate entity, a di.sease con- 
dition sni (irtu'ris. Tliey liave recognized tio kiii.diip between it 
iiiid .diock originating otherwise, nor have they .sensetl the import- 
anee of endotlieliivl damage as an etiologic factt>r. 1 ramntitic slittck 
hits this fiictor in comnntn with sliock fntm ttther causes. Hence 
many of tlie items of deranged phy.siology are identical, regtirdless 
of w'iiat eonflition< produced the enthtthelial elfects. ^ 

A etunpreheiirion of tiiese phenomena hati to jiwtdt an a<le<iuat<- 
tuiderstantiing of endothelial retietions j\nd c;ipi!!ar\’ function, 
.''ttidit-^ on oapillary pln.-fology removctl />ne imijor liintirancc to a 
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couipreliension of circulatory failure originating in the capillaries. 
Another major cause for confusion now awaits consideration. 

Shock and the Effects of Hemorrhages. A decline in arterial blood 
pressure has long been regarded as the central feature in the syn- 
drome of shock. Consequently every single factor which might 
account for the low blood pressure has been advocated as the primary 
cause. jMyocardial weakness, vasomotor exhaustion, adrenal defi- 
ciency, acapnia, fat embolism and hemorrhage— each was proposed 
and, with the exception of hemorrhage, each was discarded because 
of incompatibility with known facts. 

Space is lacking to review these theories and the facts which 
rendered each of them untenable. A new interpretation of shock 
resulted from evidence collected during the previous World War. 
As experiences with battle wounds accumulated, the conviction 
grew that absorption of products from injured tissues was a major 
factor in producing the circulatory deficiency. Surgeons testified 
that this deficiency was out of all proportion to the apparent sever- 
ity of the wound and that it subsided in a remarkable fashion after 
debridement or amputation of the damaged limb. 

“The explanation which had the strongest support, both from 
(;linical observations and laboratory studies, was that of a toxic 
factor, arising from damaged and dying tissue and operating to 
cause an increased permeability of the capillary walls and a conse- 
cpient reduction of blood volume by escape of plasma into the lymph 
.spaces. Thus the concentration of the corpuscles is also readil,y 

explained. ”20 

hlany factors contributed to the development of shock from 
wounds. Among these were hemorrhage, cold, delay in debride- 
ment or amputation, anesthesia, infection, improper splinting, 
rough transportation, loss of fluid bj' perspiration and by vomiting, 
and other items. 

For several years this explanation of “traumatic toxemia” was 
widely accepted for it explained satisfactorilj'^ most of the observa- 
tions on shock and it coincided with what was known of capillary 
reactions at that time. 

Then the experiments and interpretations of several groups raised 
grave doubts concerning the accuracy'' of that explanation. Dogs 
were anesthetized deeply and their muscles were severely trauma- 
tized by bruising. Blood pressure readings were the sole criteria 
of shock. After death the amounts of blood and fluid, extravasated 
into the traumatized areas, were estimated and compared with the 
calculated blood volumes of the animals. In several series of such 
experiments, sufficient blood and fluid was found in the traumatized 
regions to account for the declining blood pressure and the death 
of the dogs without resort to the supposition that injurious sub- 
stances had been absorbed from the damaged tissues. 

In one group of experiments, the local extravasations of blood and 
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(luicl ranged from 310 to 1057 gm. These represent serious hemor- 
rhages indeed for dogs of a^'erage size. The traumatized limbs con- 
tained massive extravasations while the adjacent tissues were swol- 
len and infiltrated with bloody fluid. The viscera as seen post- 
mortem were pale and ischemic. In view of these findings and of 
tile hcmodihiUon which preceded death, one must concur heartily 
in the authors’ conclusions that hemorrhage was the predominant 
lactor in ihcfic experiments. Any eft'ects of absorption were so over- 
shadowed by the eft'ects of hemorrhage that they were unrecog- 
nizable. 

The same method of experimentation produced similar results 
at the hands of other groups. These agreed in concluding that all 
the manifestations of traumatic shock are due to local loss of blood 
and fluid and that absorption of products from traumatized tissues 
is not a factor. 

In 1932 attention was called-- to several important dift'erences, 
iioth physiologic and morphologic, between shock and the eft'ects 
of hemorrhage. That evidence was amplified and repeated several 
times in subsequent publications. Yet the belief prevails widely 
that all the manifestations of shock may result from simple hemor- 
rhages alone. The evidence supporting this belief requires critical 
examination. 

No one has published a detailed comparison of shock with the 
effects of hemorrhage, yet many significant features of these condi- 
tions have been contributed by different workers. They present 
several points of similarity, because aiiy type of circulatory defi- 
ciency evokes compensatory reactions by the sympatho-adrenal 
syst<'m. 

Siniihiriiics Bctu'ccn Shock and the Effects of Hemorrhage. 

.Xetivity of the symjjatho-adrcnal .system causes: 

Stimulation of myocardium; strong rapid pulse in early 
stages. 

Peripheral vasoconstriction; reduced volume flow; peripheral 
ischemia and declining temperature; loss of tissue turgor. 

Discharge of reservoir blood into systemic circulation; con- 
traction of spleen. 

Increased blood sugar. 

Dilatation of pupils, often j)er.spiration. 

1a>w !)asal metabolism. 

] )ccrcased alkaline reserve. 

Decreased serum protein. 

Increased respiratory rate, thirst. 

Declining arterial blood prc.'3urc (in late .stages). 

Death due to inadequate circulatory function. 

'J'he reactions cnnmeraie<l are the saiiic in either case, which fact 
explains several clinical resemblances between shock and hemor- 
rhage. He(-ause of these resemblatices, it was assumed that the 
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two conditions lire identical. But a more penetrating scrutinj' 
reveals other totally different departures from phj'siologic constants. 
For purposes of comparison, these are arranged in tabular form. 


Items. 

Shock. 

Hemorrhage. 

Endothelium 

Permeable to colloids 

Impermeable to colloids 

Tissue fluid 

Increased 

Decreased 

Flow of lymph 

Increased 

Decreased 

Fluid balnnco 

Disturbed 

Undisturbed 

Pulmonary edema 

Progressive 

None 

Absorption, castro-inteslinul 

Impaired 

Unimpaired 

Absorption, from tissues 

Impaired 

Unimpaired 

VomitinR 

Persistent 

No vomiting 

Diarrhea 

Frequent 

Absent 

Transfusion of blood 

Often ineffective 

Effective 

•Saline solutions, intravenous 

Ineffective 

Often effective 

Blood: 

Hemoglobin, orj'throeytes 

Increased 

Decreased 

.Specific gravity 

Increased 

Decreased 

Non-protein nitrogen 

Increased 

Decreased or unchanged 

Potassium 

Increased 

Terminal increase 

Calcium 

Increased 

Decreased 

Magnesium 

Increased 

Decreased 

Chlorides 

Decreased 

Unchanged 

Coagulation time 

Lengthened 

Shortened 

Urine 

Concentrated, low volume, 
albumin, erythrocytes, casts, 
urobilinogen, acetone 

No characteristic 
changes 

Necropsy findings; 

Edema 

Characteristic 

None 

Serous effusions 

Present 

.Absent 

Capillo-venous congestion 

Characteristic 

Absent 

Petechias 

Characteristic 

Absent 

Visceral ischemia 

Absent 

Present 

Organ weight 

Increased 

Decreased 

Gastro-intcstinal tract 

Dilated, atonic 

Contracted 

Parenchymal necroses 

Present 

Absent 


It seems remarkable that such noteworthy differences should 
have escaped the attention of tliose who have written extensively 
on the effects of hemorrhages as related to shock. Let it be empha- 
sized that hemorrhage or local loss of fluid is a highly important 
factor contributing to shock but the a.ssumed identity of these con- 
ditions and of their modm operandi, is incongruous with a mass of 
physiologic evidence. 

Failure to distingui.sh between .shock and the effects of hemor- 
rhages was the second major cause for conflicting interpretations. 

Sources of Error in Mode of Experimentation. Attention is now 
invited to the third major cause for confusion, comprising sources 
of error inherent in the method of experimentation. On first enter- 
ing this much disputed territory, my associates and I followed the 
paths travelled bj^ our predecessors, including the mode of experi- 
mentation. The method in common use was to anesthetize an 
animal deeply with barbital or otherwise and then to inflict some 
form of trauma, using records of the arterial pressure as an index of 
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circulatory effects and of the animal's condition. In one of our 
earliest experiments, a dog was given sodium phenobarbital intra- 
venously, 0.3 gm. per kilogram, and an artery was cannulated for 
kymographic record. Although no trauma had as yet been done, 
the pressure began a progressive decline of 93 mm. Hg within 
2 hours. We immediately abandoned barbital as an anesthetic 
and lost much of our confidence in conclusions based upon such 
e.xperiments. E\‘idently our predecessors had had similar e.xperi- 
cnces for several authors reported that some of their dogs developed 
“spontaneous shock” under barbital anesthesia. Blalock^ stated; 
“ In several animals there was a rapid decline in the blood pressure 
shortly after giving the barbital. These experiments were discarded. 
The level of the mean blood pressure was used as a criterion of the 
degree of shock.” This statement implies that, if experimentation 
had begun before barbital caused the pressure to fall, the results of 
those experiments were considered dependable. 

Gruber and BasketW reported that barbital and sodium pheno- 
barbital, in doses comparable to those used in e.xperimental work, 
caused a fail in blood pressure in 162 out of 161 tests. Seevers and 
Tatum*''' confirmed the efiects of these drugs upon the circulation. 
Medical military records show that frequently a wounded soldier, 
whose condition was not critical, developed profound shock imme- 
diately when anesthetized for operation. Dale" and Jiis associates 
])roduccd fatal shock in etherized cats by injections of 1 or 2 mm, of 
hi.stamine, l)ut unanesthetized cats withstood 10 times that dosage, 
(’omplete ane.sthcsia, while usually insufficient to produce circula- 
tory failure of itself, comes dangerously near the threshold level in 
many instances. The barbiturates in the dosage used for anesthesia 
in animals approach the danger point closely. 

It seems remarkable that investigators have o\-erIooked the eff'ect.s 
of deei) narcosis upon the blood prc.ssure. IVhcn variations in 
pressure arc used as a criterion of .shock, the importance of this fac- 
tor of error is incalculable. It appears that the depressor effects 
observed in such e.xperiments resulted from a combination of^faetnrs. 
any oiu* of which may cau.se a decline in blood pre.ssure. Jhe e.v- 
jierimental eoiulition.s may be analyzed as follows: 

Lot hViiilHiliro till- cfTcfls nf Ifmorrlincc rttitl lr.=s <if fliiitl: 

•• V •• *• 

•• •/, •> from >Inmnci‘(l ti-ou-. 

Then shock, as indicated by a «leeline in the blood pressure, i*- 
repre'cnted by the formula: 

X -f V z ■=' s^iiorj. 

ICvaluation of an I'qiiation containing' two or more unknown 
(luaiititie.s is as illogical in merlieal si-ienee a-- in mathematics. It i'- 
ab-urd even to as'iiine that tlio^c tpiantities will have the .same rela- 
tive laliies in ain' two experiment.s, for their nature is e>sr-rjti;d!y 
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that of indeterminate variables. Under such conditions of experi- 
mentation tlie recorded phenomena may be due either to the nar- 
cotic, or to absorption, or to the associated hemorrhage, or in part 
to each. Yet, ignoring the effects of absorption and of anesthesia, 
tlie conclusion was drawn that the entire circulatory disturbance 
resulted from hemorrhage and loss of fluid locally. 

It may be stated with emphasis that this comj3ination of indeter- 
minate variables is responsible for much confusion and lack of 
agreement in interpretations. This statement does not imply criti- 
cism of any author or group; it merely directs attention to serious 
defects and sources for error inherent in methods commonly used 
for ex])eriments on shock. 

The Pathologic Anatomy of Shock. Last but not least of the 
causes for divergent interpretations was failure to apply to the 
problem tlie methods used by pathologists. The belief had been 
accepted, apparently without question, that shock is purely a 
jiliysiologic disturbance unaccompanied b}' significant morphologic 
changes. It was not realized that in this, as in other conditions of 
disease, valid interpretations find corroboration in the accompanying 
morphologic alterations. 

My colleagues and I made a series of experiments for the dual 
purpose of testing the effects of products absorbed from damaged 
tissues and of studying the circulatory changes seen in the viscera 
after death by shock. 

T/ic Effects of AhsorDtion. A method was devised to determine 
what effects would follow the absorption of substances derived from 
bruised or damaged tissues. Fresh, finely ground, muscle pulp 
introduced into the peritoneal cavity of normal dogs caused pro- 
gressive circulatory deficiency having all the characteristics of 
shock.-- These did not differ in any particular from the effects of 
extensive burns, histamine, peptone poisoning, or anaphylaxis. In 
such experiments, hemorrhage and narcosis were eliminated for no 
hemorrhage occurred and the brief ether anesthesia, given while 
opening the abdomen, had passed off hours before circulatory effects 
developed. Other tissues, as brain, liver or kidney, produced simi- 
lar effects. Watery extracts of the tissues mentioned or of intes- 
tinal mucosa disturbed the circulation in a similar manner. By 
such methods it was possible to eliminate tivo complicating factors 
from the conditions of experimentation and to ev'aluate the effects 
of absorption alone. In each instance shock accompanied by hemo- 
concentration resulted from the absorption or the injection of the 
substance mentioned, uncomplicated by the effects of hemorrhage 
or of anesthesia. 

Morphologic Endeiice. The visceral appearances after death were 
indicative of pndothelial relaxation in e.xtensive visceral areas.^*" -^ 
Briefly summarized, these include capillo-venous congestion of the 
liver, kidneys, gafstro-intestinal mucosae, lungs, and of the serosae. 
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Frequently there arc petechial hemorrhages in these tissues, in the 
meninges and occasionally in the brain. When death is somewhat 
delayed, the soft tissues arc edematous and there arc effusions of 
fluid into the serous cavities. The visceral ehangc.s dcscriijcd iiad 
been noted many times''' in both experimental and clinical shock 
but without comment on their possible significance. These changes 
appear directly related to endothelial damage as described earlier 
in this discussion. They indicate the cfFcct.s of agents or conditions 
which have altered seriously the structure and function of the 
capillaries. 

E.xactly similar })athologie alterations were seen in the viscera 
after death from IlgCl; poisoning, eclampsia, intestinal strangula- 
tion, acute pancreatitis, burns and after infections of unusual sever- 
ity. They were seen also after shock produced experimentally by 
a wide variety of agents. These findings indicate that circulatorA' 
disturbances, originating in the caj)il}nrics, 7nay result from various 
types of injury but that in each instance the clinical, physiologic 
and pathologic fcatvircs are identical in kind. 

Several writers have attributed shock resulting from trauma or 
burns, to loss of plasma locally, as edema and blister fluid, about the 
injured areas. Such loss of fluid often is important as a contribu- 
tory factor, but local permeability and transudation of fluid do not 
explain the vhccral congestion and edema which accompany 
shock from tissue injury. The occurrence of such changes in areas 
remote from the injury indicates systemic, not local, effects. If a 
colloidal dye, such as trypan blue, is injected into the blood during 
the development of shock, areas of thoracic and abdominal tissues 
become stained diffusely with the dye. This indicates endothelial 
permeability in e.vtensi\'e regions, not limited to those about the injury. 

A significant item of evidence, bearing on the underl.nng vascular 
dynamics, is the occurrence of edema of the lungs and other soft 
tissues after shock from diverse causes. This suggested that per- 
haps pulmonary edema might be produced experimentally b^‘ in- 
ducing shock of sublethal degree or in degrees not immediately 
fatal. Accordingly, experiments were devised to test this possi- 
bility .='* Shock with delayed death, resulting from repeated sub- 
cutaneous injections of histamine, from burns, from injections of 
bile, from intestinal obstruction and from other conditions, caused 
marked pulmonary edema accompanied by hemoconcentration. 
-This result corroborated the belief that endothelial permeability in 
extensive areas is a major factor in the mechanism involved (see 

Limgs whose circulation is impaired, and whose spaces are filled 
with albmninous fluid, present ideal conditions for the development 
of infection. A common tj'pe of hemorrhagic edematous pneu- 
monia"'*’ develops almost inevitably as a terminal event if neither 
death nor recovery from shock occurs soon. 
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Recent Theories. Two recent theories concerning the origin ol' 
shock are based upon the physiologic reactions by which systemic 
disturbances are compensated. These theories appear diametri- 
cally opposed, for one of them interprets shock as the inadequacy 
of the mechanism of compensation, while the other explains it as 
the result of cnmimisainry hypcracimiy. 



Fia. 1. — Experimental pulmonary edema. A, by subcutaneous injections of his- 
tamine; B, by scalding of the skin; C, by muscle pulp in the peritoneum; D, by 
intestinal strangul.ation. 



1-1 moon: VAst:i:i,.\u and (’HLi.n,AU dynamics or shock 


The Ahtnu Rcariiim. has called attention to a .syndnane 

which appears when severe ijijury is inflicted upon the animal 
organism. This .syndrome is independent of the nature of the 
damaging agent and repre.sents a response to damage as such. 
Exposure to cold, traumatic injuries, exee.ssive muscular exercise, 
spinal shock, anaphylaxis, .acute infections and intoxications with 
various drugs will evoke this symlrome, which is interi)reted as an 
expression of general defen.se. 

The term ahiriii mirfiou is applied to the sum total of the hiologie 
])henomena elicited by the sudden effects of damaging agents. It 
represents a “call to arms” of all the resources which tciul toward 
adaptation or defense. Shock itself is defined as a condition of 
suddenly developing inten.se .sy.stemie (geijeral) damage and is 
described as occurring in two phases, .s-hoch and ronntn-nhovk. 

The first phase is characterized by the usual physiologic features 
and clinical signs of shock. Tliis phase is interpreted as one of 
relative .adrenal insufficiency. Death may follow if the degree 
of adaptability is limited, /. c., if the defensive resources are inade- 
quate to counteract the damage. 

If the first phase does not end fiatally, it is followed by the .scn-'otuI 
phase, that of counter-.shock, consisting of a reversal of most of the 
items mentioned and a return toward normal physiologic conditions. 

This conception omits essential parts of the problem from con- 
sideration. Others have studied the mechanism by which damag- 
ing agents disturb normal functions; fSelye has focussed attention 
on the physiologic resources for counteracting the damage. The 
former say the animal dies from the systemic effects of the damage; 
the latter attributes death to inadequacy of the defensive reaetions. 
Obviously, interest should not he limited to the dynamics of the 
damaging agents but should include also the counteractive mecha- 
nisms. However, shock interpreted as inadequacy of the physiologic 
defenses presents an uncompleted picture. One still would inquire 
by what mechanism is the circulation disturbed and why are the 
metabolism, fluid balance, renal function and chemical concentra- 
tions altered. These important items in the syndrome of shock can 
hardly be interpreted as adaptive or defensive in character. 

Hyperactivity of the Sympaiho-udremi System. It is known that 
injections of epinephrin in large amounts will cause the complete 
.syndrome of shock (Bainbridge,* Erlanger,® Lamson*® and others). 
The resulting vasoconstriction eventually leads to an oxx-gen deficit 
in the tissues with ensuing capillary dilatation and permeability of 
endothelium, thereby initiating a progressive circulatory deficiency. 
Freeman*® believes that,' in response to pain or emotions and to 
the injury itself, hjq)eractivity of the sympatho-adrenal system 
produces a similar effect. This is offered as an explanation for shock 
resulting from trauma, burns, hemorrhages and other causes. 

A critical examination of the evidence reveals several points of 
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seeining incompatibility witli known facts. Conditions accom- 
panied by prolonged intolerable pain, such as renal or biliary colic, 
do not cause shock nor can it be produced experimentally" by pro- 
longed stimulation of nerve trunks. The sympatho-adrenal systems 
of men and animals are called into maximal activity during physical 
combat. Yet no instances of shock have been noted under these 
conditions, indejjcndent of serious wounds or hemorrhage. 

Neither cutting the spinal cord nor severing all nerve paths from 
the traumatized area will prevent the development of shock. Ani- 
mals previously subjected to bilateral sympathectomy (Freedlander 
and Lenhart®), also adrenalectomized animals (Swingle and asso- 
caates^"'*), de\’eIop shock from trauma or from other causes as 
readily as do noivnal animals. IIyperacti\dtj" of the sympatho- 
adrenal .systejn would appear to be eliminated in such experiments. 

The immediate treatment of an extensive burn, as with tannic- 
acid, will prevent shock or lessen its degree. It is not probable 
that such treatment reduces the .sympatho-adrenal response to the 
tissue damage nor to the pain and fright of the accident. 

Finally, it has been shown that deep Roentgen irradiation of the 
abdomen causes the complete syndrome of shock in dogs, accom- 
panied by hemoconcentration and by distinctiy'e visceral changes 
as descril)ed. Roentgen irradiation is an agent which, like heat, 
causes tissue inj'ury. It is followed by delayed necrosis of the 
glandular epithelium in the intestinal mucosa and the development 
of shock is delaj’ed correspondingly’. ^Varren and Whipple®^ believed 
that absorption of products from the tissues damaged by Roentgen 
rays resulted in progressive deficiency of the circulation, and recent 
investigations^^ have supported that view. Irradiation is painless 
and whatever emotional respon.ses it might cause would subside 
shortly. The dogs appeared entirely normal on the following day. 
No anesthesia was used, nor was there hemorrhage nor local loss of 
fluid. Such conditions provide no apparent cause for the develop- 
ment of sj'mpatho-adrenal h.yperactivity several days later. 

The chief experimental evidence supporting this theory was 
derived from a comparison of the effects of hemorrhages and trans- 
fusions in two groups of dogs. For reasons not entirely clear, the 
normal dogs were subjected to far greater losses of blood than the 
sympathectomized ones. The authors concluded that the latter 
were more resistant to the effects of hemorrhage. Since shock and 
the effects of hemorrhage are not identical (vide suina), these experi- 
ments may not bear directly upon the problem. If the authors 
have tested the effects of trauma or of other shock-producing agents 
upon sympathectomized dogs, the results have not been published. 

It appears that more definite evidence will be required before 
hyperactivity of the sympatho-adrenal sy^stem can be considered 
seriously" as a major factor in the mechanism of shock. 





moon: vascl'lak and ckldulai: dynamics of shock 17 


Summary. An analysis oi the sources for disagreement coneern- 
ing the dynamics of shock indicates that four major causes have 
operated to confuse interpretations of its phenomena and of their 
interrelationships. 

The first of these vas deficient knowledge of capillary reactions 
and of circulatory disturbances originating in them. A compre- 
hension of these has contributed immeasurably to an understanding 
of shock resulting from trauma, burns and other types of tissue 
damage, ft clarifies also the di.sturbanccs of fluid balance and of 
ckemical c‘oncentrations which are a.ssociatcd regularl\' with this 
condition. 

Failure to distinguish between shock and liemorrhage has caused 
much confusion. Hemorrhage, when present, is a potent eontribu- 
tory factor, but the effects of uncomplicated liemorrhages present 
numerous features opjmsite in character from those which constitute 
ihe .syndrome of shock. 

^^^riations in blood pressure used as a criterion, and failure to 
consider the depressor effects of both anesthesia and losses of blood, 
have led to undependable conclusions concerning the effeets of 
absorption. Varied forms of e.xperimentation have shown that 
l)roducts derived from normal tissues, independent of narcosis and 
liemorrhage, will produce the syndrome of shock accompanied by 
its characteristic physiologic and morphologic features. 

Hemoconcentration during life, and the presence of engorged 
capillaries, stasis, petechias and edema after death, indieate endothe- 
lial damage as a major factor. The occurrence of these conditions 
in extensive visceral areas remote from the injury indicates systemic, 
not local, endothelial damage. Shock, like other conditions of 
disease, is accompanied by a pattern of morphologic changes whieh 
are related etiologically to its mechanism of origin and which cor- 
roborate the interpretation of shock as due to endothelial damage. 

The major causes for disagreement concerning shock have been 
discussed. In view of the character and magnitude of these, it is 
not .strange that final clarification of the problem has been delayed. 
When these causes have been recognized and obviated, it becomes a 
simple matter to assemble the related facts into an intelligible 
picture. This diagram presents that picture as we see it. 
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In previous observations'-' it has been demonstrated that the 
fasting normal human gastric juice contains a principle (intrinsic 
factor) which, Avhen administered with beef muscle (extrinsic factor) 
to patients with Addisonian pernicious anemia, causes increased 
blood production and clinical improvement. Because neither human 
saliva nor pure duodenal secretion was effective upon admixture 
with beef muscle,' it was tacitly assumed that the so-called intrinsic 
factor was secreted in man by that portion of the stomach which 
in pernicious anemia exhibits atrophy or disappearance of the nor- 
mal glandular structure.®”-*-®-®^ Except by inference from the work 

* The expenses of this investigation were defrayed in part by the J. K. Lilly Gift 
to the Harvard Medical School. 
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M’ith liog stoinacli preparations carried out by Meuiengracht,®"’^ 
t.nglcy’^ and others, and from experimental gastrectomies in ani- 
mals, no jihysiologic evidence on the localization of the source of 
intrinsic factor in the normal human stomach is available. 

Tile technique utilized by Meulengracht was to test in patients 
with ])crnicious anemia the blood-forming activity of desiccated 
preparations of hog stomach after dii'ision into cardia, fundus and 
indorus portions, respectii-ely. Meulengracht^'’-^'^'’ deduced from 
such observations and from studies of the comparative histology of 
the hog and human stomachs that the “pylonc gland organ" in 
both species is the principal site of secretion of intrinsic factor. 
I'liis conclusion involves, however, two fundamental assumptions: 
I, that the presence in desiccated bog stomach preparations of 
material possessing blo’od-forming activity in pernicious anemia 
defines the site of secretion of intrinsic factor; and 2, that such 
observations with the hog stomach are directly applicable to man. 
The purpose of the present investigation was to determine the 
validity of the.se two assumptions; especially because, as both 
Meulengracht®^ and IVIagnus and Ungley® hai-e recently pointed 
out, the degeneratii'C proce.ss in the stomach in pernicious anemia 
does not significantly involve the “pyloric gland organ,” inferred 
by I^reulengracht to be the chief source of intrinsic factor in man. 



Fig. 1A . — Distribution of pylorus, cardia and fundus typo of glands in hog .stonjach 
(.shaded area.s P and C and clear area F) according to Meulengracht and Ohlsen.'o 
Solid linc.s indicate plan of incision.s for pylorus, cardia and fundus preparations of 
hog stomachs according to Meulengracht and Schiddt” and as employed in the 
present observations for pylorus and fundus preparations of hog stomachs. 

Fig. IB . — Distribution of pylorus (horizontal shading), cardia (vertical shading) 
and fundus (clear area) type of glands in human stomachs according to Paschkis and 
Orator.^ Plan of incisions (solid lines) employed for pylorus, cardia and fundus 
preparations of human stomachs was identical with that employed for hog stomachs." 


General Methods. Various preparations of hog and human stomachs 
were secured in the following manner, except as indicated in the description 
of certain individual observations. The stomachs of freshly killed hogs 
were collected and divided into those portions defined by INIeulengracht* 
as fundus and pylorus, as shown in Figure lA. After removal of adherent 
fat and brief washing with cold water, the wet weight of each pylorus por- 
tion averaged about 60 gm. and that of each fundus portion about 100 gm. 
An appropriate number of specimens of each portion were then finely 
ground and spread on shallow pans for desiccation in a current of air at 
room temperature. In certain obsen’-ations indicated below, the mucosa 
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\yas remnycd and (rnniiid with beef miisric. After fnitii 2} to -IS hours the 
film of dried material was scraped from the j)an and Kronnd in a mill. It 
was then carefully defatted witlt ether, further pulverized and jdaced in 
:i desiccator over .'-■oda lime for final drj-in.!;. Thereafter the dry, powdered 
material was stored in pl'W'j-stopperciI bottles out of the li^jlit. until rcqnircfl 
f<ir use. 

Iluman stomachs were removed at postmortem examination, usually 
within 12 hours and ahvay.s within 21 lionrs after death. Tlu- suljjecis 
providing; this material wen* all adults, of both sexes .and of A'arious atres. 
who had died .suddenly of cardiac or cerebral lesions and in wlioni there 
was no clinical (»r postmortem evidence of infection of any type. Imme- 
diately after removal, the stomachs were freed of ariherent. fat ty tissue; ami 
divided arbitrarily into the three portions defined by Meideimniclit [or the 
liOR stomach, ns shown in Fijpirc LI . The average wet weights of the three 
portions of the .stomach were: jjyloms 20 gm.. fundus 2.‘5 grii., cardia IS gin. 
Appropriate numbers of specimens of each jiortion were then liriefli’ rin.scd 
in cold running taj) \yater and ground with an wpi.al weight of beef muscle. 
Thereafter the material derived from each portion was desiccated, defatted 
and stored as described above. When finally ready for use, all the prepara- 
tions were odorlc.ss. homogeneous, grayish-white powders weighing ajipro.vi- 
matcly one-fourth the wot weights of the original tissues. 

The blood-forming activity of these preparations in pernicion.s anemia 
was determined iiy the cfTcct of their daily administration to suitable 
patients, especially by the prc.scncc or absence of .significant reticulocyte 
responses, the interpretation of which has pronously been fully dc.scribe(l.’- 
IJnlcss otlienvisc indicated, 10 gin. of each prejiaration iva.s given 3 times 
daily for 10 day.s; and if the material under test produced no response, the 
ability of the patient to react was determined in an immediately sub.«cquent 
period by the administration of an active experimental preparation or of 
10 gm. of Vcntriculin (N.N.R.) 2 times daily for 10 days. The methods of 
dietarj' control and of reticulocyte and red blood cell counting have been 
described in detail in preidou.s jmblications.'-- * 

The Blood-Forming Activity of Desiccated Preparations of Various 
Portions of the Hog Stomach as an Indicator of the Site of Secretion 
of Intrinsic Factor. TIic correctness of tlie assumption that the 
blood-forming activity of desiccated 3iog stomach is due to the 
presence of the so-called intrinsic factor is suggested by the following 
observations: 1, the active principle of hog stomach, like that of 
normal human gastric juice, is relatively thermolabile, each being 
destroyed by boiling for 5 minutes or by incubation at from pH 2.5 
to 3.5 for 48 hours 2, boiled hog stomach mucosa, itself ineffec- 
tive, becomes capable of blood formation in pernicious anemia after 
admixture with normal human gastric juice.^ Nevertheless, the fact 
that the combined work of Sharp,*® Meulengracht,®®’'’'' Thompson, *' 
Uotila,*® Ungley/s Schemensky** and others indicates that prepara- 
tions of every portion of the alimentary tract of the hog, with the 
exception of the fundus of the stomach, areeffectix’ein causing increased 
blood production in pernicious anemia raises the question whether 
the experimental techniques employed by Meulengrachts®-'-'* and 
Ungley*® could be, in any way, responsible for their failure to obtain 
activity with fundus preparations. Thus, it is conceivable that the 
apparent ineffectivene.ss of the fundus might have been due to 
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local destruction of intrinsic factor, to failure of the fasting animal 
to secrete sufficient intrinsic factor, to the presence of intrinsic 
factor in a zymogen form or to the necessity, after secretion, of its 
acti\-ation of or by substances contributed by the pylorus region 
of the stomach. Tlicse theoretical possibilities were accordingly 
investigated. 

The first undertaking was to determine whether the method 
cinjdoycd for desiccation iind defatting was capable of preserving 
tin? well-establi.shed ajiti-anemic acti^•ik^' f)f a hog stomach pylorus 
preparation. Positive evidence for this was obtained by the admin- 
istration of 30 gm. of a desiccated, defatted mixture of equal wet 
weights of hog stomach pylorus mucosa and of beef muscle daily 
for 10 days. As shown in Table 1, Case 81, there was a significant 
effect on blood production during this period. 

h'leulengraclit’s and Ungley’s observation that the feeding of 
desiccated hog fundus preparations does not cause increased blood 
})roduction in jjcrnicious anemia, was confirmed by the negative 
results of the daily administration of 30 gm. of desiccated hog fundus 
during the first ])eriod of observation of Case 82, who responded 
satisfactorily to the administration of Ventriculin (N.N.R.) during 
a third period of observation. In the second period the possibility 
was investigated that the presence of hydrochloric acid and pepsin 
in the fundus during the process of desiccation might have been 
responsible, in jMeulengracht’s experiments, for the destruction of 
intrinsic factor and consequently for the absence of anti-anemic 
activit 3 '. Indeed, Meulengracht and Schipdt” have shown that the 
fundus of the hog stomach is the chief source of pepsin and is the 
only portion of the stomach in which stimulation of secretion. hy 
histamine injection causes an acid reaction to Congo red paper. 
Moreover, it has been demonstrated'* that the incubation at 37.5° C.. 
of hog stomach mucosa at from pH 2.5 to 3.5 for 48 hours com- 
pletely destroys its blood-forming activity. And, finally, it has been 
.shown that intrinsic factor is partially destroyed by incubation of 
normal human gastric juice at pH 1.5 for 2 hours,* but is not affected 
by such treatment at pH 10.® Accordingly, in order to afford to 
any intrinsic factor present the maximum protection against acid 
or against enz.ymes active at an acid reaction, the fundus portion 
of the hog stomach was removed immediateb^ and was finely ground 
with an equal weight of water. To this was added about 4 cc. of 
normal sodium Jiydroxide per 100 gm. of fundus, which was found 
to be a sufficient "amount to produce a reaction of pH 7.2. Never- 
theless, as shown in Table 1, this neutralized fundus preparation, 
like the unneutralized preparation, produced no detectable effect on 
blood formation in Case 82, although in a third period of observa- 
tion* the patient responded to the daily administration of 30 gm. 


'* Not shown in Talile 1 because of lack of .space. 
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of Ventriculin (N.N.R.). For excample, on the 10th day the reticu- 
locytes reached a peak value of 21%. 

_ Because jMeulengracht did not state whether the fundus prepara- 
tions utilized in his work were obtained from fasting hogs or from 
hogs which had previously been fed, the possibility that his nega- 
tive results with fundus were due to an inadequate stimulus to secre- 
tion of intrinsic factor was investigated in the following manner. 
Approximatel.\* ] h hours before slaughtering, hogs were fed a mix- 
ture of milk and cornmeal, and about 1 hour later each was given 
an intramuscular injection of 3 ing. of histamine hydrochloride. As 
soon as the fundus portion of the stomach had been dissected, it 
was finely ground in an equal weight of cold water and the reaction 
adjusted to pH 7.2 with about 4 cc. of normal sodium hj^droxide 
per 100 gm. of fundus. Thereafter, the material was desiccated and 
defatted as usual. As shown in Table 1, Case 83, during the first 
period of observation the daily administration of 30 gm. of this 
desiccated preparation was quite ineffective, whereas in the second 
period the daily administration of 30 gm. of Ventriculin (N.N.R.) 
caused a moderate reticulocyte response. 

The next possibility investigated was that intrinsic factor might 
become active only after secretion into an acid medium such as 
e.xists in gastric juice; that is, just as for the activation of pepsin 
from its zymogen form, hydrochloric acid might be essential for 
the activation of intrinsic factor. It is true that this appeared to 
be unlikely because of previous demonstrations^ ’^ of intrinsic factor 
in gastric juice containing no free hydrochloric acid. Nevertheless, 
to fresh preparations of hog stomach fundus was added an equal 
weight of water and sufficient strong hydrochloric acid to effect a 
reaction of about pH 2 after thorough grinding of the material. 
The acidified fundus pulp was allowed to stand in the icebox for 
1 hour. It was then ground with an equal weight of beef muscle, 
and the reaction of the mixture brought to approximated’^ pH 6.5 
with strong sodium hydroxide. Thereafter the material was desic- 
cated, defatted and fed to Case 84 in a dosage of^ 30 gm. daily 
during the first period of observation. As shown in Table 1, it 
produced no significant effect on blood formation, although in the 
second period of observation the daily administration of 30 gm. of 
^^entriculin (N.N.R.) was distinctly effective. 

In his most recent publication on this subject, Meulengracht^^ 
considers the possibility that the fundus portion of the normal 
stomach might supply a hormonal “pacemaker” for the production 
of intrinsic factor by the pylorus region. Another hypothesis con- 
sistent with his observations is that intrinsic factor, though secreted 
by the fundus, might become active only upon contact with the 
pylorus mucosa, or with some secretion of that portion of the 
stomach. Accordingly, this possibility was examined. As shown 
in Table 1, in the first period of observation of Case 85 the daily 
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iulininistraliuii of 2S fim. of a desicoatod preparation rlerived from 
a mixture of It) of fresh pylorus miieosa and 100 frin. of beef 
inusele had a powerful elfeet. on blood prodiietion. In Case SO the 
possiiniity of potentiation of fundus liy admixture with pylorus 
mucosa was tested. In tlnr first periorl of ohservation, the effective- 
ness of the daily administration of 2S j;m. of desiccated material 
derived from 10 jjm. of jiylorns nun’osa and 100 j;ni. of beef musele 
was eonfirmeil. In the second period, 2.S f;m. of a desiccated jirepa- 
ration derived from 10 }jm. of jiylorus mucosa, 00 j;m. of whole 
fundus anil oO jun. of beef musele, administered daily, was not 
shown to ])ossess greater hematopoietic activity, 

Ihus, attemjit.s at securinjr I'videnee of the presence of intrinsic 
factor in ho" stomach fundus jireparntions by neutralization, by 
stimulation of secretion, by jireliminary acidification before neu- 
tralization and by admixture with jiylorus tissue all failed. These 
observations appear completely to confirm the experiments of 
Mculcns'racht, l.nj'ley and others purjiortini: to show that whereas 
desiccated preparations of the fundus of the hofr stomach have no 
effect on blood production in pernicious anemia, similar jircparations 
of the pylorus region are highly active. 'I'lieir assumption that the 
distribution of such Idood-forming activity is an indication of the 
site of secretion of intrinsic factor in the hog stomach is tlms entirely 
supported by the present ohservations. 

Difference in Site of Secretion of Intrinsic Factor in the Hog and in 
the Human Stomach. IMeulengracht’'’ and Magnus and Ungley* 
have pointed out the apparent conflict between tlie existing physio- 
logic and histologic evidence on the site of secretion of intrinsic 
factor in the human stomach. Thus, their feeding exjieriments*''’-'' ''^ 
with desiccated hog stoinacli preparations indicate tliat the fundus 
of the hog stomach docs not contain intrinsic factor, whereas their 
careful histologic studies®'“‘ in pernicious anemia confirm the fact, 
observed by others,®" ■*' that in this condition the fundus of the 
human stomach is the region of degeneration. iNIeulengracht’s 
experiments demonstrating the hematopoietic activity of both desic- 
cated hog stomach pylorus and duodenum led him to infer that the 
“pyloric gland organ,” regarded as including the region of Brunner’s 
glands of the duodenum and the histologically similar pyloric 
glands, is likewise in man a source of intrinsic factor. ^ This conclu- 
sion is, however, in conflict with the normal histologic ’appearance 
of the pylorus and duodenum in pernicious anemia® ®® and with 
physiologic evidence from observations on man. Thus, it has been 
demonstrated’' that although normal human duodenal conten’ts 
which include gastric juice contain intrinsic factor, when gastric 
secretion is excluded from the duodenum intrinsic factor is no longer 
present in the secretion collected therefrom. It therefore appeared 
to be possible that these discrepancies might depend upon a species 
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difference between man and the hog as to the site of secretion of 
intrinsic factor. 

Accordingb^ the blood-forming activity in pernicious anemia of 
desiccated preparations of the human stomach was determined after 
arbitrar.y division into three portions, "pylorus,”- "fundus” and 
"cardia,” respectively, according to Meulengracht’s plan for the 
hog stomach, which is shown in Figure 1/1. The fact that the nomen- 
clature applied to these divisions of the human stomach does not, 
as in the hog stomach, correspond with areas of different gland 
structure Avas clearly recognized and will be discussed below. To 
each freshly excised and washed portion of the stomach was added 
an equal weight of beef muscle. The details of the subsequent 
desiccation, defatting and storage of the preparations have been 
described above. As shown in Table 2, Case 87, the daily admin- 
istration of 30 gm. of the pylorus preparation during the first period 
of 10 days caused a slight reticulocyte response. There was no 
clinical improvement. No significant increase in red blood cells 
occurred until during the second period ivhen, as a result of the 
daily administration of 30 gm. of Ventriculin (N.N.R.) for 10 days, 
there was a significantly greater reticulocyte response and marked 
clinical improvement. In the first periods of observation of Cases 88 
and 89 , when 30 gm. of a fundus preparation and of a cardia prep- 
aration, respective!}", was administered daily for 10 days, striking 
reticulocyte responses and clinical improvement occurred. During 
the second periods, the daily feeding of 30 gm. of Ventriculin 
(N.N.R.) to each case resulted in no detectable second rise of 
reticulocytes. 


Table 2. — Effect of Daily Oral Administration in Pernicious Anemia of 
Desiccated and Defatted Human Stomach Preparations. 




(Dosage = 30 gm. daily.) 




Case 

87. 

Case 

88. 

C.A8E 

89. 

Days of 

R.B.C., 

Reties., 

R.B.C.. 

Reties., 

R.B.C.. 

Reties., 

treatment. 

mills. 

%. 

mills. 

%. 

mills. 

%. 


First Periods: 

Human Stomach Preparations. 



Pylorus preparation. 

Fundus preparation. 

Cardia preparation. 

0 

1.62 

1.8 

1.80 

0.8 

1.44 

1.8 

2 

1.69 

0.8 

1.59 

0.9 

1.42 

2.0 

4 

1.44 

0.4 

1.68 

5.0 

1.37 

3.1 

G 

1.46 

1.0 

1.69 

19.2 

1.57 

11.6 

8 

1.47 

2.0 

1.86 

25.3 

1.64 

27.8 

10 

1.54 

6.4 

2.14 

16.2 

1.99 

18.6 


Second Periods; Hog Stomach Preparation {Venlricidin N.N.R.) 



Ventriculin. 

Ventriculin. 

Ventriculin. 

2 

1.55 

4.9 

2.57 

2.8 

2.18 

16.0 

4 

1.50 

3.4 

2.67 

3.9 

2.12 

6.8 

0 

1.49 

8.9 

2.79 

1.0 

2.34 

4.4 

8 

1.60 

8.1 

2.58 

0.8 

2.11 

4.0 

10 

1.51 

10.8 

2.74 

1.2 

2.04 

4.3 

12 

1.85 

18.8 

2.60 

1.2 

2.42 

3.4 

14 

2.39 

16.5 







2() lOX. fASTl.K: ACUVl.lA CASTltU’A AM) IT.ItN'Uriols AN'KMIA 


A possii)lc criticisin of fluw olwmitions is that whorwis the 
hop stomachs were ohtaiiieil immediately after tlie dejith of tlie 
animals, the human stomachs were secured usually within 12 hours 
hut sometimes hetween !2 and 2-1 inams after deati). Aeef)rdingly. 
althoupli these postmortem conditions did not destroy tiie potency 
of the human material, the question arises whether the distrii)Ution 
of activity might have heen juodified hy prolonged eontn(;t post- 
mortem of one portion of the stomach with secretion from another. 
As a control on such postmortem elfects in the human material, 
preparations were juacle from ln)p stomachs previously subjected 
to the following proetaiure. Immediately after removal from the 
hogs, the pyloric ami esoj)hngeal orifices of tin; stomachs were 
occluded with a tightly tied ligature. 'I'he nnopencfl .stomachs were 
allowed to stand at room temperature for (! hours ami were then 
placed in the icebox for an additional bS hours. 'J'hereafter the 
stomachs were opened, the food and gastric secretions were removed, 
and .specimens of the f)yloru.s and fnnrlns were e.vei.sed, wa.slicd, 
desiccated and defatted in the usjial manner. In the first period of 
observation of Case 00, shown in Table 1, tlie daily admini.stration 
of 30 gm. of the fundus preparation was found to he without effect, 
hut in the second period the pylorus preparation caused increased 
blood production. Thus, despite contact with ga.stric contents for 
24 hours after death, the fundus preparation of the hog stomach 
remained hematopoietically ineffective. By analogy, therefore, it 
seems proper to assume that the distribution of the activity of the 
human stomachs was not modified by postmortem effects. 

Discussion. According to these observations, the blood-forming 
activity of desiccated preparations of the human stomach after 
arbitrary division into areas resembling the pylorus, fundus and 
cardia portions of the hog stomach, as defined by Meulengracht, 
had a distinctly different distribution from that obtaining in similar 
areas of the hog stomach. Thus, the so-called fundus and cardia 
preparations of the human stomach were highly effective, wliereas 
the pylorus was, at best, weakly active compared with VentricuHn 
(N.N.R.) in the dosage specified. The observations reported in the 
first portion of this paper lend weight to the validity of Meulen- 
gracht’s assumption that the distribution of the anti-anemic 
potency is an indication of the site of secretion of intrinsic factor 
in the stomach of the hog. Application of the same assumption to 
the present results with desiccated human stomachy preparations 
leads to the conclusion that in man the areas here arbitrarily desig- 
nated as “fundus” and “cardia,” but not the “pylorus” region of 
the stomach, are the important sites of the formation or secretion 
of intrinsic factor. If reference is made to the histologic studies of 
the human stomach by Paschkis and Orator,” the type of glandular 
structure presumably present in each of these areas may be deter- 
mined. According to these authors, the pyloric glands m the 
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human stomach are found in an area extending along the lesser 
curvature to the angulus, or about 6 cm. from the pylorus, but 
along the greater cur\fature run only a very short distance from the 
pylorus. The cardiac glands are confined to an area a few milli- 
meters in width adjacent to the border of the esophageal mucosa. 
The fundic glands occupy the rest of the stomach wall. Reference 
to the approximate outlines of these areas shown in Figure IB indi- 
cates that tlie so-called pylorus preparation of the human stomach 
may have contained a considerable proportion of fundic glands, 
whereas the so-called fundus and cardia preparations contained 
fundic glands only. There is, thu.s, no question but that in these 
human stomachs the fundus type of gland was associated with anti- 
anemic activity. Indeed, the weakly positive effect observed with 
the so-called pylorus preparation might also be ascribed to the 
presence of fundic glands. 

According to this evidence, then, the site of secretion of intrinsic 
factor, as defined by the hematopoietic activity of desiccated human 
stomach preparations, is found to correspond to the site of the 
degenerative process®®’*'®’®^ in the stomach in Addisonian perni- 
cious anemia, a disease in which it is clear that intrinsic factor is 
deficient. The present observations, suggesting the relative insig- 
nificance of the "pyloric gland organ” as a source of intrinsic factor 
in man, are in agreement with the pre\'ious observation"* that pure 
duodenal secretion in man does not contain detectable amounts of 
intrinsic factor. Thus, with the exception of the recent report of 
Schenken, Stasney and Hall,*® all the observations which have been 
made on man point to the fundic gland area of the human stomach 
as the important source of intrinsic factor. The evidence becomes 
contradictory only when conclusions which undoubtedly obtain for 
the hog are directly translated to man. 

Conclusions. 1. By means of observations under controlled con- 
ditions on patients with Addisonian pernicious anemia, the previous 
experiments of Meulengracht, Ungley and others concerning the 
effectiveness of desiccated preparations of the pylorus and the 
ineffectiveness of similar preparations of the fundus of the hog 
stomach were confirmed. 

2.. It was not possible to develop an active fundus preparation, of 
hog stomach bj^ measures designed: a, to prevent the local destruc- 
tion of intrinsic factor; h, to increase its secretion; c, to activate a 
zymogen form; or d, to potentiate intrinsic factor b;\' contact witli 
substances in the pylorus region of the stomach. 

3. These facts contribute support to Meulengracht’s assumption 
that the anti-anemic potency of the pylorus region of the liog 
stomach indicates it as a site of secretion of intrinsic factor in that 
animal. 

4. Application of this assumption, howe^^er, to the present obser- 
vations with desiccated preparations of normal human stomach 
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suggests the conclusion that in innji thost; areas containing; the 
fnndns type of f;Iatul. and not the “pyloric frlaiul or>;an,'' are the 
important sites of secretion of intrinsic fact«)r. 

o. The present ohservations snf;i;cst. that the source of intrinsic 
factor in the normal hnman stomach coincid<'s with the site of the 
degenerative process siam in histologic jjrcparations of the stomach 
in ])crnicions anemia. 

(i. Becanse the cardia of the hnman stomach is apparently an 
active site of .secretion of intrinsic factor, gastric resections in man 
which j)reserv(^ this jxirtion of the stomach should, theoretically, 
provide a .source of intrinsic factor for tlie j)atient. 

Wc wisli to oxiirc,-'-' our arjititiiilc to Mi«-< Mureuri't .\. ami Miti Klcjinor 

M. I’lcmiiiK for their teelmieal a.“ei>lniire in perforinini: the hlood ^■x:\miImtion‘l. 
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RELATIONSHIP BETWEEN THE SPLEEN AND THE MORPHO- 
LOGIC PICTURE OF BLOOD REGENERATION. 

By W. O. Cruz, I\I.D., 
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AND * 

F. S. Robsciieit^Robbins, Ph.D., 

ASSOCIATE IN PATHOLOGY", ROCHESTER, N. Y. 

(From the Department of Pathologj', The University of Rochester School of Medicine 

and Dentistry.) 

Pee.sent concepts of blood physiology attribute but little of 
essential importance to the function of the spleen. As far as the 
main splenic functions—h'mphocyte production and destruction of 
old erythrocytes— are concerned, other organs of the body economy 
can replace the spleen adequately. The role of the spleen as a 
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reseri'oir is not of primary importance and only in some occasional 
occurrence can it have idtal significance. Hormonal and anti- 
infectious properties of the spleen have been emphasized by some 
authors, but conclusive proof of their role has not yet been obtained. 

It is I'eri* veil knoivn that any blood regeneration is characterized 
by a peculiar morphologic picture showing the launching of young 
red blood cells (reticulocytes) into the circulation. The main 
morphologic feature is the presence of a reticulum within the vitally 
stained new cells; when stained by Giemsa or Wright stain, these 
cells are polychromatophilic. These two staining methods reveal 
also the erythrocytes with nuclear structures as the normoblast 
and the erythrocjde with nuclear particles. 

Very few papers concern themselves with experimental work that 
includes the complete morphology of blood regeneration. Onlj^ the 
reticulocytes have been carefull.y observed in human anemias and in 
experimental animals. In the earlier studies of the blood much 
attention was paid to the normoblasts and erythroc^des with nuclear 
bodies because they were the only morphologic signs of blood regen- 
eration, but careful experimental studies have not been made. 
Drinker, Drinker and Kreutzmann^ pointed out that a true normo- 
blastic crisis in the peripheral blood of dogs occurs after hemorrhage 
just before the rapid increase in the erythrocyte count and usually 
towards the end of the first week following the hemorrhage. These 
authors observed only once a crisis of 8000 normoblasts per c.mm., 
12 days after the last bleeding. Crises of 5600 (5 days after bleed- 
ing), 4000 (4 days after) and 3000 (9 days after) are reported 
together with other minor crises. Mulleri“'^ observed normoblastic 
crises in rabbits after intravenous injections of India ink or gum 
shellac. With India ink the highest normoblast count found was 

77.000 per c.mm., and counts above 20,000 per c.mm. were very 
often observed; with gum shellac the highest count was 80,000 per 
c.mm. and counts above 20,000 per c.mm. were easily verified. More 
recently Hamre and Miller^ produced anemia by deficient iron 
intakes in two different groups of rats— non-splenectomized and 
splenectomized. They then observed during blood regeneration 
following iron and copper administration, a normoblastic crisis in 
both groups, much higher in the splenectomized group. The great- 
est crisis occurred 2 days after the metal administration gave a 
count of 5000 normoblasts per c.mm. in the non-splenectomized 
group. The splenectomized group after the same 2 days indicated 
a rise to 33,000 normoblasts per c.mm, with a secondary rise of 

10.000 per c.mm. on the sixth day. 

The present paper deals with studies concerning the morphology" 
of the blood during regeneration following anemia produced by 
hemorrhage or by acetydphenylhydrazine injections, in normal and 
splenectomized dogs. 

VOL. 203 , NO. 1 .— JANUABV, 1942 2 
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Methods. ])(‘tai!('{i ob'^crvutioiis wen* iiintie iit tl iifjii-splcneototnizod 
and 3 Hplcncftoiniml _’riie HplcnertomiziKl dop were ()!>“ervt‘d nt 
difTcrent liiiu; intorvnlf; follnwinf; the sjdoiiectomy (Dn^ l.'i wns slndic<J 
2 months after thc ()perntion: l)oK_3U-lflt, 1 1 montlis after, and Dor 2-i-70, 
25 years after). I'tirtlier o1)ser%'ations were tnadc also in 1.3 do^rs hclonjpnR 
to the anemia colony. DifTcrent levels of anemia were producerl by hemor- 
rhage with the usual jugular inineture method or by .«ub(:utanef)us injec- 
tions of acctylphenylhydrazine, riissolveti in Itot saline solution (10 to 20 cc.) 
just prior to injection. Daily ob'crvations of the bbsal picture were made 
in 11 periods during blood regeneration. H«i blood cell counts were made 
in the usual manner with 'riioina micro-piiwltc and Xeubanor counting 
chamber. Hemoglobin was detennined by the o.vyhemoglol)in method in 
the Kle.tt-Snininerson photoelectric colorimeter. Rcticulocytw were 
counted by direct microscopic observation of a drop of blood nrixed with a 
drop of 1 % solution of crasyl Idiie in saline .solution. The noniioblast.s 
(orthochromatic erythrobl.asts of Ferrata) were counter! in relation to num- 
ber of erjdhrocytcs in smears stained with Giemsa stain; the voung crj'thro- 
blast.s (baso))hilie eiythroblasts of Ferrata) were counted in the .same 
manner. For comparative purpose.s a case of thalassemia (Cooley’.s 
anemia) w.as studied, since it is well known that this type of human anemia 
is characterized by large numbers of normoblasts in peripheral blood. 


Ta Jit.r. 1 . — .\(;KTVi.vm;NYi.iivi>iiA7.i\K .\ni:.mia. 

U«1 WfKvl roll* (mil. [lor r.mm.). JlnnoRloliin (pm. prf lao cr.). 
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7 
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2.0 

1,5 
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1.0 

1.7 

2.3 
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4,2 

4.9 

9 ... 

l.S 

1.0 

1.4 

2.1 
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1.3 
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Dog 39-1 W— first day of observation la 11 month-s ntlor tpkncclomy. 
ectomy. 

• Acetylpbenylhydrazinc, 300 ms. t Acctylphcnylbydraiine, 200 mg. 


Oog 40-1 15—2 months after splen- 
J Acetylphenylhydrasine, 100 mg. 


Observations and Discussion. Tables 1 and la present the results 
found in the acetylphenylhydrazine anemia. Table 1 shows that 
the lowest anemia levels are about the same in both groups of dogs, 
around 1,500,000 erythrocytes per c.mm., and 3 gm. hemoglobin in 
100 cc. of blood. This is a very low level and all dogs became 
acutely sick for 2 or 3 days. The recovery from the anemia is 
always complete and very fast in both groups of dogs, showing 
that the spleen does not have any direct and indispensable function 
relating to the regeneration of this type of anemia. This same fact 
urns observed bv Robscheit-Robbins and Whipple® during the 
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recovery of experimental hemorrhage anemia in dogs. Table la 
shows tliat the reticulocytosis is about the same in both cases, the 
highest number was 79% in the splenectomized group (Dog 39-194). 
and 77%. in the normal one (Dog 40-213). A sharp difference 
between the two groups is found in the number of normoblasts 
and basophilic erj-throblasts. In the non-splenectomized dogs 
the highest normoblast count was 6000 per c.mm. (Dog 40- 
213), whereas in the splenectomized group was observed- 25,000 
per c.mm. (Dog. 39-194) and 22,000 (Dog 40-115), with 6 other 
figures above 10,000 per c.mm. The highest basophilic erythro- 
blast count in the normal group was 700 per c.mm. (Dog 39-299), 
16% when calculated in propox’tion to the normoblasts. The splen- 
ectomized group, on the other hand, demonstrated the highest count 
of 4300 per c.mm. which is 43% as related to the normoblasts. The 
peak of the normoblast crisis appears when the red blood cell begins 
to rise, and the basophilic erythroblast crisis follows 2 or 3 days 
thereafter when the normoblasts are going down. Those smears 
with 43% of basophilic erj^throblasts are very interesting in this 
respect, and resemble the morphologic picture of severe human 
pernicious anemia during megaloblastic crisis. 

Table 1a.— Immature Cells in Acetylphenylhydrazine Anemia. 

Ratio basophilic erythrobla 

Reticulocytes (%). Nomoblasta fthous. per c.nim.). to normoblasts (%). 


Splenocfomircd Non-splenectomized Splenectomized Non-splenecfomizcd Splenectomized Non-splencctor 
Daj-s of dogs. dogs, dogs. dogs. dogs. dogs, 

observa- . — ■ — , — — , . — — . • ^ — ■ 
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0.5 
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1.0 
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11 
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32 
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0 

0 
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1.1 

0 
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6 

0 

17 

9 

9 
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3.5 
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37 




18 






2.4 

.. 

.. 


• • 

25 





Dog 39-191 — first day of observation is 11 months after splenectomy; Dog 40-115 2 months after splenectomy. 

Table 2 shows the results obtained with anemia by bleeding in 
2 splenectomized dogs. The absolute number of normoblasts and 
basophilic erythroblasts here are much lower than in the acetyl- 
phenylhydrazine experiments, probably^ because the red cell level 
was considerably higher. Notwithstanding this the results obtained 
differ markedly from those obtained in normal dogs, in which it is 
well known that the normoblasts are very scarce during the recover\' 
of this type of anemia.® 
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related to the fact that this dog was observed years following 
splenectomy, whereas the other 2 splenectomized dogs were studied 
ior only 2 and 11 months respectively following the operation. 
In 4 instances we observed as Drinker and associates pointed out, 
the peak of normoblastic crisis occurred one week following the 
hemorrhage. 

For compaiison concerning the high human normoblastosis, we 
studied a case of anemia (thalassemia, Cooley's anemia) which 
showed the following results: C. J., female, aged 8: Red blood 
cells, 2,200,000 per c.mm.; hemoglobin, 4.6 gm. per 100 cc. blood; 
normoblasts, 70,000 per c.min. 

Table *1. — Nobmoblastosis Dubing Low and Active Regenekation Pebiods. 

Duriiic low ropciierafivc iiorioii During active regenerative period. 

AveraKC lib. Normoblasts Average Hb. Normoblasts 


output per (thous. output per {thous. 

Dog No. week (gm.). per c.mm.). Dog No, week (gm,), per c.mm.). 

37-21 2 0 U-UO .... 36 0.3 

37-8!) 2 0 :i6-H CO 0 

37-87 2 0 40-20 37 0.3 

3.5-1 2 0 6 39-77 40 0 

37-22 2 0 39-2 45 0 

39-1 2 0 35-0 40 0 

32-i 37 0.9 


Previous experience indicated that the normoblasts were not 
numerous during the regeneration period following anemia by hem- 
orrhage in dogs, or in human anemias due to iron deficiency.^ In 
order to obtain quantitative data of this subject, as well as for pur- 
poses of checking previous results, smears of 13 dogs were carefully 
studied. The results are given in Table 4 representing findings 
obtained in 6 dogs during a low regenerative period (2 gm. ^ of 
hemoglobin as a weekly output) and 5 dogs during periods of active 
regeneration (between 36 and 60 gm. of hemoglobin weekly). 

It may be of interest to point out that the normoblasts are of 
minor importance in the morphologic picture of the blood in human 
anemias in which there are no marked spleen changes. The iron- 
deficient anemias (anemia of childhood, anemia of pregnancy, 
nutritional hypochromic anemia, hookworm anemia, recovery from 
acute hemorrhage) serve as examples. In contrast, the largest 
normoblastic crises found in human pathology are associated, at 
least in the majority of cases, with blood diseases m which the spleen 
is involved and the blood shows signs of regeneration such as malaria 
with splenomegalia, hemolytic icterus, sickle-cell anemia, and par- 
ticularly in the Mediterranean anemia (thalassemia). 

Summary and Conclusions. Detailed morphologic blood cell exam- 
inations were made in 3 .splenectomized and 19 non-splenectomized 
dogs. 

In the splenectomized dogs made anemic by bleeding or b.y 
acetylphenylhydrazine injections, the number of normoblasts in the 
peripheral blood during the first phase of the regenerative period 
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is four times greater than in the non-splenectomizcd animal. In 
some instances the mimher may i)e even higher, attaining 70,000 
normoblasts per c.mm. Purthennore the number of primitive 
erythroblasts (l)nsophilic eryt!»r(»blasts of Ferrata) is much higher 
in the spleneetomizcd animal, in soitie cases reaching about -10% 
of the nucleated red cells in the eirculatioji. 

Tlicse findings suggest a relationship between a function of the 
spleen and tJie wnturiitioii nf tiie orythrol)Iast in tJic i)one inarrow or 
a factor acting upon the launching mechanism of new red cells into 
the general circulation. 
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THE HEART IN SICKLE CELL ANEMIA. 

By IIahkv F. IvUNEKKi/rEu, jNI.D., 

.tMtST.VNT HKSIOK.VT MIVHICI.X.V t.V MEDtCl.VK; t.VKTIlUCrOR IS .Mi;niCI,SV;, 

nAi.TiMonn, .md. 

(From the Medical Clinic and Cardiottraphic Lat>orator>’ of the .lohns llopkitni 

Hoapitnl.) 

Since 1910 when Herrick*^ first described sickle cell anemia, 
many reports have appeared concerning the clinical, pathologic 
and hematologic aspects of this interesting disease. It has been 
said that these patients frequently suH’er organic valvular disease 
of the heart.’® The purpose of this communication is to analyze 
the clinical and pathologic material of this hospital in order to 
determine the incidence and extent of organic heart disease among 
patients with sickle cell anemia. 

Many of the symptoms that are present during exacerbations of 
this disease are similar to those of acute rheumatic fever; and 
many of the cardiac signs observed during the quiescent stege 
closely resemble those of chronic valvular heart disease, particu- 
larly mitral stenosis. 

In his original paper, Herrick” described symptoms of exertional 
dyspnea, palpitation and recurring bouts of polprthritis. His 
patient had an enlarged heart, with a loud systolic murmur over 
the whole precordium, and an accentuated second pulmonic sound. 

In 1923, Huck’^ described in detail the hematologic changes of 
sickle cell anemia and gave a full clinical description of 2 cases. In 
addition to the findings first noted by Herrick, 1 of Huck’s patients 
had a protodiastolic gallop and both had slight edema of the ankles, 
slight enlargement of the liver, a rapid, labile pulse and low blood 
pressure. 
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During the next few years, other papers^'**-!®-^® appeared, describ- 
ing cases with cardiac enlargement, systolic murmurs, and accentu- 
ated second pulmonic sounds. Sydenstricker^® was the first to 
report enlargement of the heart confirmed by Roentgen ray. He 
believed the polyarthritis, edema of the ankles and cardiac signs 
to be manifestations of the long-standing anemia. Hein, McCalla 
and Thorne,^® however, regarded* the dyspnea as due to the anemia 
but considered the possibility that the cardiac signs, fever, leuko- 
cytosis and joint symptoms represented atypical rheumatic infec- 
tion. They noted, however, that the response to salicylates was 
not so prompt as in rheumatic fever. 

In 1932, Anderson and Ware*"-® reviewed the literature and stated 
that cardiac enlargement was present in 76% and heart murmurs 
in 87% of the cases in which specific mention was made of their 
presence or absence. These authors came to the conclusion that 
the murmurs were probably functional but that organic heart dis- 
ease was also present in many cases. Hamman” was the first to 
report an autopsied case of sickle cell anemia in which a definite 
diagnosis of rheumatic heart disease had been made. This was the 
first reported case in which diastolic murmurs were heard. Autopsy 
showed only a diffusely enlarged heart with normal valves and 
pericardium. 

Although electrocardiograms had been taken on several pa- 
tients,*^"® no definite abnormality was observed until 1933, when 
King and Janeway*^ described a case with prolongation of the P-R 
interval- This finding in a young patient with cardiac abnormali- 
ties and recurring attacks of polyarthritis, fever, and leukocytosis 
made the possibility of rheumatic fever quite likely. This case 
(J. N.) is reviewed again in this report. 

Postmortem findings were reported by many authors® ® ”'*®’*®’®®'®® ®® 
and the only abnormality found in the heart has been hypertrophy 
and dilatation, Steinberg®® observed that the hypertrophy usually 
involved the left ventricle more than the right. Marked right 
ventricular hypertrophj'^ was found by Yater and Hansmann®® in 
2 patients who died in right-sided heart failure. In these 2 cases, 
there were either small thrombi in the pulmonarj^ arteries or tortu- 
ous, thickened pulmonarj’^ vessels which the authors felt explained 
the right-sided failure. 

There is only one reported instance in which any endocardial 
abnormality was found. In Steinberg’s case®® on which no clinical 
data are given, there was “chronic verrucose endocarditis of the 
mitral and aortic valves with mononuclear infiltration and patchy 
necrosis of the myocardium.” He thought these changes to be of 
atypical rheumatic origin. No other myocardial and no pericardial 
lesions have been noted. 

Case Material. Twelve patients, 8 males and 4 females, from 8 
to 27 years, with average age of 19, were selected from the clinics 
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of this hosjHtal for this sHuly. Ail have sovoro sickle (•ell aneiiiia 
witlj hcwiiiorrh viihivs riwi'iiif; from 20% to 20%,, mid the avcraf:(; 
(iurnliou of the anemia is 1 1 years. Most of the stn(li('s of eardiaf! 
function were carried out after t!ie patietits had heen in l)(?d for 
several days in the hosj)ital. 

Of the 11 fatal eases, all followed in this liosjntal, autopsies were 
performed on 10 at this hospital and on 1 at the Baltimore City 
Hospital. In this f'ronp of fatalities there were 0 males and o females 
from 2 to 2S years, with an averafre age of 11 , and the average dura- 
tion of the anemia was S years. 

.‘Vll the i)atient.s in both grou])s were negroes. 

Clinical Data. No efl'ort will be made to record all the findings 
in the clinical study of the 12 ])atients now alive. Only the data 
relative to the cardiovascular system will be reviewed atul analyzed 
in an effort to comi)are the heart in sickle cell anemia with that in 
other anemias and in rheumatic valvular disease. 

One case is reported here in some detail in order to illustrate the 
difficulties that may be encountered in differentiating sickle cel! 
anemia from rheumatic fever and rheumatic heart disease. 

Case Report. Case 1. — J. N. (Unit No. 12217G, Patient 7, Tabic 1) was 
a 21-year-okl unmarried nogre.«s who lind been followed in this liosjntal 
for 12 years. At the age of 9, .she w.as first admitted to tlic Harriet Lane 
Home because of an_upi)cr respiratorj* tract infection of 3 weeks’ duration, 
OTth generalized aching, headaches, epistaxes, exertional dyspnea, and pain 
in the right chest suggesting pleurisy. She had suffered (Occasionally from 
anorexia^ and post-prandial vomiting for several yeirrs. 

Examination showed a fairly well-developed child with pallor and slight 
general glandular enlargement. Temp. 100°. The tonsils were large and 
pale. There were a few fine moist rfdes at the lung bases. Pulse was 
rapid, regular, quick and full. A capillarj’’ pulse was present. Blood 
pressure 100/50. The heart was enlarged to right and left, with a readily 
visible precordial impulse. The point of maximum impulse was outside 
the nipple line in the fourth interspace. No thrills were felt. The heart 
sounds were normal except for an accentuated Pj. A systolic murmur 
was present at the base and apex, and at the apex a low-pitched diastolic 
murmur was also present. The liver w'as enlarged but there was no ab- 
dominal tenderness, and there was no edema or orthopnea. 

It was the impression of all who saw the patient that she had acute 
rheumatic fever and active rheumatic heart disease. There was a severe 
sickle cell anemia with leukocytosis. Roentgenogram showed cardiac en- 
largement and the electrocardiogram showed a heart rate of 107 with a 
P-R interval of 0.18 to 0.20 second. She was treated with sah’cylates 
which had no apparent effect. Low grade fever, leukocytosis, and the 
anemia persisted, and she had frequent epistaxes_ but no joint pains. She 
remaine(l on the ward 5 months during which time the cardiac murmurs 
persisted and frequent electrocardiograms continued to show a prolonged 

P-R interval. , , „ . tt • i 

For the next 3 years, this patient was followed carefully m the Harriet 
Lane Clinic. At the age of 10, she had one attack of pain and swelhng of 
the right ankle which lasted only 2 days. All the signs noted above per- 
siste(i and a third heart sound appeared at the apex. The A-V conduction 
time was .always prolonged, varjdng from 0.20 to 0.25 second and tiie 
cardiac enlargement increased slightly. 
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Table 1. — Summary of Some Important Cardiovascular Findings in 

Sickle Cell Anemia. 
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She continued to have frequent epistaxes and exertional dyspnea in- 
creased. She had episodes of potyarthralgia but was not disabled until 
the age of 15 when she suffered an acute exacerbation with fever, headache, 
epistaxis, and pain in the left knee. She was admitted to the Medical 
Service for study, although the arthralgia and fever had already subsided. 

Examination sliowed a well-developed, adolescent negress with pallor 
and jaundice. The temperature was normal. The pulse was increased in 
rate, quick, and full, and there was a capiHarj^ pulse. Blood pressure 
100/45. The heart was enlarged, with accentuated Ps, loud systolic mur- 
mur at apex and base, and a third heart sound at the apex. Several 
observers heard a low-pitched rumble after the third sound. She had a 
marked anemia and leukocytosis. The P-R interval was slightly pro- 
longed, 0.19 to 0.22 second. Roentgen ra}'' showed cardiac enlargement 
without prominence of the pulmonary conus. Arm-to-tongue circulation 
time was 15 seconds with Decholin. Her course was_ marked by recurrent 
epistaxes and slow, slight improvement in the anernia_. 

At the age of 17, she was readmitted with severe pain m the left leg, anMe, 
and left side of abdomen. The onset was acute 3 days before admission 
and closely followed a mild upper respiratory infection. The patient 
voluntarily stated that the pain seemed to be in the bones rather than in 

the joints. , • ■ . , . .i 

Examination showed no objective change m the joints but the left leg 
was extremely tender over the tibia. Cardiac findings were essentially as 
before. The anemia and leukocytosis persisted and the sedimentation 
rate was repeatedly normal, in spite of the severe anemia.* The A—V 
conduction time varied between 0.19 and 0.22 second, Roentgen rays 
showed no abnormality of the left tibia, but the cardiac enlargement 

persisted. , . , ■ j .7 

Salicylates were given a thorough trial and did not affect the painj the 
left ankle actually became swollen during the course of treatment. _ 

One year later, the patient had an acute attack of polyarthritis vutb 
some swelling of the shoulders, elbows, wrists, knees, and ankles. This 

* This phenomenon has been shomi by Buntings to be due to the presence of 
sicklod cells. 


Kl.lNKI KI.TKU: Tin; IIKAUT IN’ SK KLK CKLL ANK.MIA 

clcarc<l up in a few days but was followed by severe nausea and voinitinp 
winch required admission to (he hospital. Temp. 101°. Tllood pressure 
105/00. The joints showed nothing abnonnnl. Tlic cardiovascular sys- 
tem revealed the same abnonnalitics ns on previous admissions, and t'iic 
liver was enlarged. The anemia, leukocytosis, nonnal sedimentation rate, 
and prolongerl P-R interval were still pre.«cnt. During tlie G weeks that 
she was on the ward, the patient had repeated attacks of abdominal pain, 
with and without fever, and contracted Type III ])ncumocoecus pneumonia, 
during which the sedimentation rate incrc,'iscd. 

During the 3 years since this Inst meclical admission, she has had only 
occasional epistaxes and mild arthralgias in damp weather. Exertional 
dyspnea has not increased. Her main complaint has been rej)catcd attacks 
of abdominal pain, usually in the right lower quadrant with nausea and 
vomiting. 

Five months ago, at the age of 21, a nonnal npjicndix was removc'd 
during one of these attacks. The postopemtivc course was uneventful. 
Examination 4 days after operation revealed a well-nourished, intelligent 
negress with pallor and icterus. The heart was cnlarge<l to right and left, 
with an ovcractivc precordium. The pulse was quick and full. Blood 
))ressure 110/55. The point of maximum impulse was in the fourth inter- 
space 8 cm. to the left of the midlinc and the licart shifted with change of 
l)osition. The sounds were loud, with accentuation of Pj. A loud .systolic 
murmur was present at apex and base. \ loud third heart sound was 
present at the apex and a stethocardiogjam showed a short prc.systolic 
sound which could not dcfmitelj' be distinguished on auscultation. The 
liver was felt 4 to 5 cm. below the costal margin. Tlicrc was no edema, 
orthopnea or dyspnea. 

The severe anemia was still present. The P-R inter\-nl was 0.20 second 
and the teleroentgenogram is shown in Figure 4. Venous pressure, circu- 
lation times, and vital capacity were within normal limits. Fluoroscopy 
showed diffuse cardiac enlargement with no displacement of the barium- 
filled esophagus. 

The patient was discharged a week later and has not returned. 

In summarj', this 21-year-old negress has had severe sickle cell anemia 
for at least 12 years. She has cardiac enlargement with signs suggesting 
rheumatic mitral disease and acute episodes with arthritis, fever, abdominal 
pain, and leukocytosis suggesting rheumatic fever. _ A-F conduction time 
has been prolonged on numerous occasions. In spite of the long duration 
of her illness, she has never had myocardial insufficiency of any noticeable 
degree, and the left auricle is not disproportionately enlarged. 

Symptoms. Nine of the 12 patients complain of recurring attacks 
of pain in the joints of the extremities, frequently w-ith swelling, 
and occasionally with increased heat and redness. The involve- 
ment of the joints is occasionally migrator\'. The pain, how'ever, 
is often not localized to the joints but also involves the long bones 
of the extremity. Several patients have had an inflammatory reac- 
tion in the joint with swelling, redness, increased heat, and pain on 
motion. Aspiration of one such joint yielded no fluid. 

The bone and joint pains usually occur during a “ crisis,” w’hich 
is frequently preceded by a respiratory tract infection. There is 
associated fever, icterus, and leukocytosis. The pain does not 
respond to salicylates. It seems probable that the symptoms in 
the extremities are due to a subperiosteal reaction, and occasionally 
changes in the periosteum can be found on "Roentgen ray examina- 
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tion. None of the patients have had subcutaneous nodules or skin 
lesions other than leg ulcers. 

None has so far exliibited frank evidence of congestive heart 
failure. This seems to occur only during the terminal stages. 
Se\'en of the 12 patients have exertional dyspnea, with or without 
palpitation, and 5 of these 7 are subject to the recurrent leg ulcers 
that are comraonl.v associated with this disease. Two other pa- 
tients with no exertional dyspnea also have leg ulcers. The ulcers 
are usually unilateral and it is interesting to note that there is usu- 
ally a history of unilateral dependent edema of that extremity pre- 
ceding the appearance of the ulcer. 

No patient has dyspnea at rest, nocturnal dyspnea, orthopnea, 
precordial pain, or chronic cough. 

Physical Findings. General. These patients are somewhat under- 
developed and undernourished, and a few are markedly retarded 
in their physical and mental development. One patient has many 
congenital bone abnormalities, including spina bifida, marked scolio- 
sis, and tower skull. This latter abnormality is also present in 
several other patients. There is always pallor and a peculiar 
greenish-yellow hue to the sclerse. General glandular enlargement 
is very common. The liver is moderately enlarged to percussion 
but is difficult to palpate, does not pulsate and is not tender. 
The spleen is not now enlarged in any of these patients, although 
.splenic enlargement was definite in 2 when they first came under 
observation 7 and 12 years ago. There is occasionally slight de- 
pendent edema of the ankles. 

Fundus Ocidi. Seven of the 12 patients have moderate to marked 
dilatation and tortuosity of the retinal veins, as shown in Figure 1. 
This has previously been reported by Harden.^^ This finding could 
not be correlated with the other cardiovascular abnormalities, the 
leg ulcers, or the duration of the anemia. 

Cardiovascular. The pulse is normal in rate, quick but not 
collapsing, and of normal volume. There is frequently a sinus 
arrhythmia. Pulsations are prominent in the neck and often in 
the extremities. A capillary pulse is frequentlj’’ visible, and pistol- 
shot sounds are often audible over the arteries. Duroziez’s sign is 
rarely elicited. There is no venous distention, and the peripheral 
A’essels are not sclerotic. The systolic blood pressure is normal, 
while the diastolic pressure tends to be low. 

The precordium is overactive and this is often accentuated by the 
thin chest wall. There is a readily visible, diffuse, wavy impulse 
in the fourth, fifth and sometimes sixth interspaces to the left of 
the sternum. In cases with marked prominence of the pulmonary 
conus, there is a visible impulse and occasionally a bulge in the 
second and third interspaces to the left of the sternum. The point 
of maximum impulse is not well localized but is forceful and rolling, 
and there is a precordial lift. A diastolic tap is usually present in 
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the j)iilinonary area. A Hv.stolic thrill may he jjre.sent over the 
precordium and vessels of the neck, but no diastolic thrill has been 
noted, 

TJic heart is enlarged both to right and left and frequently there 
is increased dullness in the region of the pulmonary conus. 

At the ape.v the first soniui is louder than normal but not .snapping. 
There is always a systolic murmur of variable intensity which is 
maximal early in systole and may be loud enough to obscure the 
first sound. The second sotmd is accentuated and in nearly every 
case there, is a third heart sound early in diastole. No definite 
diastolic murmur is heard until presy.stole when there is often a 
questionable jjrcsystolic murmur Idending with the fir.st .sound. 



night Eye. Lott Eye. 

Fig. 1.— Photograph of ocular fundi (D. J., Patient 12, Table 1) showing typical 
tortuosity and dilatation of the retinal veins. 


At the base, there is a systolic murmur at the pulmonary area 
which may be louder than the systolic murmur at the apex. Pn is 
markedly accentuated and occasionally split. No diastolic mur- 
murs are definitely heard at the base. There may be a systolic 
aortic murmur transmitted to the vessels of the neck. 

The heart shifts freely, with change of position, and there are no 
signs of mediastino-pericarditis. 

Roentgen Studies. The teleroentgenogram constantly shows car- 
diac enlargement. The heart is enlarged to both right and left and 
the enlargement increases as the patients develop. In 8 cases, the 
pulmonary conus is definitelj' more prominent than normal (Fig. 2). 
In 2 of these 8 cases, the pulmonary conus is extremely prominent 
(Fig. 3). In this patient (Fig. 3), a kymogram shows pulsations of 
branches of the pulmonary arteries. In 2 cases, the cardiac outline 
is globular (Fig. 4). The cardiothoracic ratio is increased in every 
case, with an average of 53.5%. 

All the patients had a fluoroscopic examination wnth barium in 
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the esophagus and in no instance was there any displacement by a 
disproportionately enlarged auricle. The pulmonary conus ap- 
peared more prominent with the fliioroscope than in Roentgen ray 
films and the pulsations of the conus were more marked than the 
other heart borders. The cardiac enlargement seemed to involve 
all the chambers equally. 

Electrocardiogram. At least one electrocardiogram was taken on 
every patient and frequent records were obtained on many. The 
striking abnormality was prolongation of the F-E interval in 50% 
of the patients (Table 1). This will be discussed more fully in 
another section. 
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Fig. 2.— Teleroentgenogram (D. J., Patient 12, Table 1) showing cardiac enlargement 
with moderate prominence of pulmonai'y conus. 


Sinus arrhythmia was frequently present and extrasystoles, usu- 
ally of ventricular origin, were of common occurrence. Indeed, 
1 patient had ' trigeminy and quadrigeminy which was thought 
clinically to be auricular fibrillation. 

The T waves were sometimes altered, being unusually high in 
some tracings and lower than normal in others. The character of 
the T waves varied from time to time in the same patient. There 
was no significant axis deviation. Frank evidence of myocardial 
damage was lacking. 

Stethocardiograms. Simultaneous electro- and stethocardiograms 
were taken on 9 of the 12 patients, principally to determine whether 
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there was a prcsystolie elemet\t in the stanul at the apex. The 
portable Cambridge apparatus was emplnycd, using Ix;nd II for the 
electrocardiogram and the hell microphone to record the heart 
sounds. All the records were taken with the pnticnt.s recumbent 
or semireeumhent. 



Fio. 3. — Tolcroentgonoerain (L. H., Patient 6, Table 1) showing cardiac enlargement 
with extreme prominence of pulmonary conus. 



Fig. 4.— Teleroentgenogram (J. N., Palient 7,. Table 1) showing diffuse cardiac 
enlargement writh a globular configuiation. 


A t^i-pical record is shown in Figure 5. It is readily seen that 
there is a short, low-pitched presystolic sound which starts 0.10 sec- 
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ond before the first sound and 0.06 second before the R wave of the 
electrocardiogram. This occurred to a variable degree in all of the 
9 patients and is indicated in Table 1 by a ” under diastolic 
murmurs. This presj'stolic element was in general longer when the 
third heart sound was louder, but its intensity was not related to 
the length of the P-R interval. 

The first sound is loud, but of normal pitch and is followed by a 
medium-pitched s}'stolic murmur of moderate intensity which ex- 
tends throughout most of s3^stole. The second sound is slightlj- 
accentuated and followed b}' a short low-pitched sound of moderate 
intensity which is in the location of the normal third heart sound. 
Diastole is otherwise clear. 



Fig. 5.— Stethocardiogram (D. J., Patient 12, Table 1) showing short presystolie 
murmur, systolic murmur, and third heart sound. 

Tests of Cardiac Function. Venous Pressure. Determined by 
the direct method, this varied between 55 and 125 mm. saline 
/Table 1). Patient 6 (E. A.) was found to have a venous pressure 
of 200 mm. the first day of his fourth hospital admission 3 years ago. 

He had a mild streptococcal pharyngitis without fever, an en- 
larged liver, slightly distended cervical veins, and minimal edema 
of the anJdes but no orthopnea or basal rales. The urine contained 
albumin (3-1-). On bed rest, the venous pressure fell to normal and 
the patient lost 2 pounds in 4 days. His venous pressure has not 
been found elevated since that time. 

Circulation Times. In 10 patients, the arm-to-carotid sinus time 
was determined by the sodium cyanide method.^i ^he other 2, 
the arm-to-throat time was determined by the use of C.T.T. sub- 
stance.2^ The arm-to-Iung time was determined by the use of par- 
aldehyde intravenously® (Table 1). In no instance were the circu- 
lation times definitely abnormal. It is interesting to note that 
they were not accelerated as is frequently the case in anemia. 
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Vilnl CitpncUti. Xo significant, minction from tlie estimated 
normal was found in llmsc jmtients who were intelligent enough to 
cooperate. 

P-R Interval. As noted above, a prolonged .1-1' conduction time 
was found in (5 of the 12 ])alients. The degree of prolongation varied 
considerably in each of the(>i)aticnts,and in any given patient theP-ff 
interval tended to increase as the heart rate decreased. The records 
of these 0 patients were carefully analyzed to determine whether 
there was any relation between tlie length of the P-li interval and 
the acute exacerbations of the disease: no correlation could be drawn. 

To determine the role of anoxemia in causing this abnormality, 
4 of these 0 patients were given varying concentrations of oxygen, 
by the method described by lycvv." 

The patients were given HI0% oxygen for 20 minutc.s and 10% 
oxygen for 10 minutes; no cxce.ss CO; accumulated. Electrocardio- 
grams, using Lead II, were taken at intervals of 3 to 5 minutes. 
All these patients showed similar changes: upon exposure to 100% 
oxA'gen, the P-R interval increased and tlie rate decreased; Avitii 
10% oxygen, which could be tolerated for only S to 10 minutes, the 
P~R interval decreased and the rate increased. 

Atropine sulphate (2 to 3 mg.) intravenously eamsed an increase 
in rate and decrease in the P-R interval. 

One hundred per cent oxygen did not appreciably alter the 
atropine effect, and atropine did not potentiate the effect of 10% 
oxj-gen in decreasing the P-R interval. Ten per cent oxygen seemed 
to potentiate the effect of atropine in decreasing the P-R interval, 
probably through the increase in heart rate. A typical protocol is 
shown in Table 2. 

Three patients with sickle cell anemia with normal P-R intervals 
showed no conduction changes with the two concentrations of 
oxj'gen or with atropine, although similar changes in rate occurred. 

One patient with rheumatic fever with no anemia and with an 
A-V conduction time of 0.22 had no change in rate or conduction 
with the different concentrations of oxygen, but with atropine the 
rate increased and the P-R interval decreased to 0.17. 

Three patients with pernicious anemia in relapse were tested in 
the same way. The first had angina pectoris and a P-R interval 
of 0.21. One hundred per cent oxj'gen did not affect the conduction 
time, although the rate decreased slightly. Ten per cent oxj'gen 
for 11 minutes produced precordial pain, a moderate increase in 
rate, and an increase in the P-if - interval to 0.22. The second 
patient showed changes in rate wdth the different concentrations of 
oxj^gen and with atropine, but the A-V conduction time did not 
vary. The third patient, who was in a very severe relapse, show'ed 
the same changes that occurred in the sickle cell anemia patients 
but the initial P-R value was normal and the changes were of less 
degree. This patient was too ill to test with atropine. 
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Table 2. Effect of Oxygen and Atkopine on Rate and Conduction in Sickle 


Cell Anemia (Patient L. H.). 



Rate. 

P-R. 

First lest. Control period . 

88 

.22 

10% oxygen started. 



After 3 min 

97 

,20 

6 “ 

103 

.18 

S “ 

105 

. 18-. 19 

100% oxj'gon started. 



After 3 min 

67 

.23 

5 “ 

67 

.25 

10 “ 

68 

.26 

15 “ 

66 

.25 

20 “ 

68 

.25 

Second test. Control period 

75 

.23 

3 mg. atropine SOi— I.V. 



After 1 min 

93 

.21 

2 “ 

91 

.21 

4 “ 

91 

.20 

6 “ 

91 

.20 

S “ 

91 

.20 

10 " 

91 

.20-. 21 

13 “ 

91 

.20 

Third test. Control period . 

79 

.23 

100% oxygon started and 3 mg. atropine SOi— I.V. 


After 3 min 

83 

.21 

6 “ 

86 

.20 

10 “ 

86 

.20 

15 “ 

81 

,21 

17 » 

81 

.20 

10% oxygon started. 



After 2 min 

83 

.21 

4 “ 

... 97 

.19 

7 " 

103 

.18 


One patient with severe acute anemia from malaria irmculata was 
tested shortly after the malaria was terminated. He had a brady- 
cardia of 50 and a P-R interval of 0.15. One hundred per cent 
oxj^gen produced no change in rate or conduction, while 10% ox 3 ’'gen 
slightly increased the rate and the P-R interval. 

Table 3 summarizes the changes that took place in the arterial 
blood of the patient whose protocol is given in Table 2. 


Table 3. —Effect of 100% and 10% Oxygen in Sickle Cell Anemia 

(Patient L. H.). 


P-R interval 

Rate 

Oxygen content arterial blood, milli- 
mols/iiter ....... 

Per cent saturation arterial blood _ . 
CO 2 content arterial blood, milli- 

mols/liter 

Per cent sicHed cells arterial blood 

pH arterial blood 

Serum sodium, m.eq./liter . 

Serum potassium, m.eq./liter 
Hemoglobin (Newcomer), gm./lOOcc. 

R.B.C., millions 

Hematocrit, vol. % of packed R.B.C. 


Control ■ 

• After 100% 

After 10% 

resting 

, , oxygen 

oxygen 

tasting. 

for 20 min. 

for 10 min. 

0.23 

.25-. 26 

.18-. 19 

79.0 

67.0 

111.0 

3.87 

4.90 

2.22 

89.3 

112.8* 

51.2 

24. G 

24.3 

23,6 

19.0 

9.5 

32.0 

7.59 

7.52 

7.69 

136.0 

136.2 

1.35.2 

4.5 

5.4 


7.6 

8.0 

7.8 

2.72 

2.84 

2.72 

21.3 

23.2 

21.5 


* Oxygen capacity of blood determined by saturating with room air. 
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Effect of 1W% (hi/gcii. A inarkfd inrreaHe occ-iirrod in the oxygen 
content of the arterial blood, while tin; CO; content and hydrogen- 
ion concentration did not change significantly. There was a marked 
decrease in the nmnher of circnlaling .sickle cell.s n.s determined by 
.Sherman.'’ I’licre was no alteration in the serum .sodium or potn.s- 
sium and the values for hemoglobin, red blood cells, nnrl hematocrit 
did not change significantly. 

Effect of 10% Oxygen. A.s might be anticipated, there was a very 
marked decrease in the o.vygcn content atul in the per cent saturation 
of the arterial blood. 'I’lic CO; content and the hydrogen-ion con- 
centration decreased slightly. The number of sickle cells increased 
markedly. The .serum sodium and values for hemoglobin, red blood 
cells and hematocrit were not appreciably altered. 

These results illustrate the marked anoxemia that these patients 
constantly suffer. They show that the anoxemia and in mo sickling 
are increased when the P-R interval is shortened and tlic cardiac 
rate increased. When the anoxemia and in tiro sickling are de- 
creased, the P-R interval is increased and the cardiac rate decreased. 
These findings are diffietdt to correlate in .so far as cause and effect 
are concerned. 

It is possible that the vagal tone is increased as part of the 
compensatory mechanism for the long-standing anemia. In support 
of this point of view is the fact that atropine, wliich temporarily 
blocks the vagus, has the same effect on rate and conduction as does 
a sudden increase in anoxemia. 

Carotid sinus pressure had no effect in the above patient; it was 
not tried in other cases. 

Pathologic-Anatomic Data. Eleven patients wlio had sickle cell 
anemia were e.xamined postmortem. Only 4 were adults; the diag- 
nosis of rheumatic heart disease had been made in 2 of these and 
questioned in 1 other. Her case historj^ is presented in some detail. 

Case 2.— H. B. (Unit No. 135000, Patient 11, Table 4). This 28-year- 
old negyess was first seen in this hospital in 1930 at the age of 18, 
complaining of weakness. She had always suffered poor health and for 
many years had had frequent^ attacks of polyarthritis. These usually 
occurred in the winter in association with sore throats and were accompanied 

by jaundice. At 15, she had apparentl-. ’ 1 ■ '■ ’ 

Examination showed a poorly nourished, ■ ■■ ■ : : ■ ■ 

pallor and jaundice. The temperature was 101°. Blood pressure 125/80. 
The heart was enlarged to right and left, and Roentgen ray showed a 
prominent pulmonary conus. The sounds were rapid, regular and loud 
with marked accentuation of P-. There Tras a loud systolic murmur oyer 
the whole precordium and at the apex, a third heart sound and an indefimte 
presystolic rumble. The liver was enlarged. The lungs were clear and 
there was ne edema. Laboratory examinations showed a severe sickle cell 
anemia which persisted throughout the next 10 years, and evidence of 
chronic nephritis. Electrocardiogram was normal. 

A few months later, she was admitted again because of epigastnc pam, 
nausea, and vomiting. While under observation, she had a “crisis” wth 
generalized bone pain which w'asfollowed by transient swellingover bothulnje. 
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She then felt quite well until the age of 24 when she first noticed exertional 
dyspnea and ankle edema. One year later, she became pregnant and her 
sj^nptonis becaixie so severe that an abdominal hysterotomy was done. 
At this time, the late diastolic ramble was more definite. Kidney function 
was markedly impaired with some azotemia. 



Tabi.e 

4.— 

Pathologic Data in 

Sickle 

Cell Anemia. 

Case No. 

Age. 

Se.'c. 

Average 

normal 

heart 

weight 

(gm.). 

Actual 

heart 

weight 

(gm.). 

Per cent 
increase. 

Remarks. 

I. A. P. 

2 

M 

60 

90 

50 

Cardiac failure during 

2. A. C. 

2 

F 

so 

70 

25 

crisis 1 year before 
death; died of pneu- 
mococcal meningitis. 
Died in crisis. 

3. M. B. 

2 

F 

56 

no 

96 

Died of bronchopneu- 

4. J. S. 

3 

M 

65 

125 

92 

monia. 

Died in crisis. 

5. T. H. 

3 

M 

65 

95 

46 

Died in crisis. 

6. C. S. 

5 

M 

85 

150 

76 

Died in crisis. 

7. D. S. 

6 

F 

94 

140 

48 

Died of cirrhosis of liver. 

8. P. S. 

15 

F 

200 

280 

40 

Clinical diagnosis of 

9. J. J. 

22 

M 

300 

440 

47 

rheumatic heart dis- 
ease; died in crisis. 

Died in uremia, heart 
failure; cirrhosis of 
liver. 

Clinical diagnosis of 

10. W. B. 

24 

M 

310 

480 

55 

11. H. B. 

28 

F 

270 

460 

70 

rheumatic heart dis- 
ease; died in uremia, 
heart failure. 

Died in uremia, heart 


failure. 



Fig. 6.— StethoeardioKram (H. B., Table 4) showing loud presystolic element, systolic 

miii’mur. and third heart' sound. 

She worked as a housekeeper for the next year and felt remarkabl}^ well. 
The dyspnea, edema, weakness and epigastric pain returned, however, and 
one year before death, she was again admitted to the hospital with definite 
e'vidence of cardiac failure. Blood pressure 170/85. The cardiac signs 
remained as before but there was edema, pulmonar}’’ congestion, elevation 
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of venous j)rcssure, niul hci>!itoiuepnly. 'riie sinui'' of lienrt failure iinjiroved 
very slowly on bed rest and dipitnlis, and blood pressure fell to normal, but 
(he non-j)rotein ni(ro;;cn slowly rose and renal funetion grew progressively 
worse. 

She continued to take digitalis after discharge but heart failure returned, 
and 4 months before death she w.as once more admitted. IMood pressure 
I.o0/S0. The heart bad further incrc.ased in size, and the signs were much 
as before. Figure (> shows the loud j>re.<ystolie sound that was present. 
This was interpreted by some as a inunnur, by others as a gallop. 

She was admitted for the last time in .Tanuary, Ifl lO, suffering with severe 
congestive heart faihire, uremia, and slight hypertension, IfiO/T.o. She 
died after .3 days with terminal pneumonia. 

Anatomic Dinrjnomc (Dr. 11. Follis). Sickle cell anemia with extreme 
fibrosis and shrinkage of siileen. Chronic gtomcndonei)hritis. Ifemosideriu 
in kidneys. Cardiac hyjjcrtrojdiy and dilatation. Jlj'ocardial scars, slight. 
Hydropericardium. Folndar pneumonia. Chronic cholecystitis, with 
cholelithiasis. 

The heart wa.s enlarged in every case (Table -I). The estimated 
normal weights are obtained from the tables of Coppoletta and 
Wolbaeh' and Roe.ssle and Roulet.- The cardiae hypertrophy was 
difthse in all eases. 

The endocardial surfaces and valves were normal in every case. 
There was moderate dilatation of the ))ulmonic orifice in several 
instances. In Patient 1 1 , wliere the pulmonic conus was prominent 
on Roentgen ray, the ring was definitely dilated. The pericardial 
surfaces were always normal. Except for some liypertrophy of the 
muscle fibers, the myocardium showed no constant changes. No 
Aschoff bodies were found. 

The lungs showed edema in more than half the cases and broncho- 
pneumonia in several. No case showed any such striking changes in 
the pulmonary vascular tree as described by Yater and Hansmann.-® 

The liver was uniformly enlarged, except in the 2 patients who 
had cirrhosis. There was usually mild chronic passive congestion 
with deposition of pigment and occasionally central necrosis. 

The kidneys uniformly" contained large deposits of hemosiderin 
in the convoluted tubules. There was a far-advanced nephritis in 
2 patients, glomerulonephritis in Case 11 and a peculiar nephritis 
of undetermined tj’pe in Case 9. In Patients 5 and 8, there was 
slight scarring of the cortex. 

Discussion. Cardiac hypertrophy due to anemia has been pro- 
duced experimentally in dogs by Liidke and Schuller.^® Cardiac 
enlargement in pernicious anemia has frequently been noted clini- 
cally and at autopsy; and these patients may also have physical 
signs strongly suggesting valvular disease. 

In 1931, BalP reported the first case in which Rpentgen ray evi- 
dence of cardiac eidargement in a young woman with hjTpochromic 
microcytic anemia disappeared after 3 months as the anemia re- 
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sponded to treatincnt. The patient also had the physical signs of 
mitral stenosis and these likewise disappeared. 

Gunewardeneio has reported several cases of chronic hookworm 
anemia with cardiac enlargement, systolic and diastolic murmurs at 
apex and base, and mild congestive failure. As the anemia im- 
proved, the unusual cardiac signs disappeared. Only 1 patient 
died; the heart in this case was found to be hypertrophied and 
dilated, with normal valves and endocardium. 

In 1937, Porter-® carefully studied cardiac function in severe hook- 
worm anemia and found cardiac enlargement, confirmed by Roent- 
gen ray examination, with systolic murmurs. The heart rate and 
blood pressure were normal in the adults, and congestive heart 
failure was not a prominent feature. Venous pressure and circula- 
tion time were normal and the vital capacity was not reduced. 
Electrocardiograms were normal except in one 23-3^ear-oId woman 
who had a P-R inter\fal of 0.21. Unfortunately^ a record was not 
obtained after improvement had taken place. In the majority of 
cases, the heart decreased in size as the anemia improved. The other 
cases showed no decrease by Roentgen ray examination, but they 
were followed for only 6 to 8 weeks and it seems probable that all 
the hearts would have decreased in size had the patients been fol- 
lowed for a longer period. 

Thus it is apparent that any severe anemia of sufficient duration 
may be responsible for the cardiac signs that are present in sickle 
cell anemia. The signs are probably more pronounced and more 
frequent in sickle cell anemia because of its chronicity and resistance 
to treatment. 

Records of 2 cases of chronic hemolytic jaundice, which may 
closely resemble sickle cell anemia, were found in the files of our 
Pathological Department. Both had enlarged hearts, with systolic 
and diastolic murmurs, and at autopsy showed cardiac hypertrophy^ 
with normal valves and endocardium. 

A late diastolic murmur at the apex has been noted in other con- 
ditions in which the mitral valve was later found to be normal. 
Wood and White®^ mention its presence in 4 patients with diffusely 
enlarged hearts, while Wyckoff and Bunim^s note its occurrence in 
cor pulmonale. Bland, White and Jones^ discuss the significance 
of a presystolic apical murmur in 32 patients with acute rheumatic 
carditis. None of these had cardiac murmurs when examined 8 years 
later. These authors suggest that myocardial weakness and ven- 
tricular dilatation create a “relatiA^e mitral stenosis” when the 
mitral ring does not stretch as much as the ventricle dilates. The 
same conditions could account as well for the presystolic murmur 
that is present in sickle cell anemia. 

In 1937, Bartels® reported a case of severe congestive heart failure 
in a 76-y'^ear-oId white male who had a severe chronic posthemor- 
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rhiifiic uiu'inia from a lilt'otlinfj jM’ptii; nicer. The jiatieiit niatlo a 
rapid recovery when treated at re.st with snlyrgan and iron. No 
digitalis was ever administered, and several yeans later there was 
no evidence of myocardial in.snfficiency. 

Congestive heart failure has not so far occurred in any of the 
living patients, although they jmiliahly have a diminisheti cardiac 
reserve which is not detectalilc by tlie methods n.st'd tt) study cardiac 
Innction. In the tcnninal stages, however, congestive heart failure 
commonly occurs. 

The crises of sickle cell anemia closely mimic ej)isodes of acute 
rheumatic fever with joint pains, fever, leukocytosis, cardiac en- 
largement and murmurs, and a jwolonged P-U interval. Tiie 
presence of anemia and jaundice in a negro with these findings 
should suggest to the iihysician that he examine the hlood carefully. 
There are, however, two important points in which the.se (-rises differ 
from rheumatic fever: ./fr.vt, the history or jiresence of pain over the 
long hones as well as in the joints, and second, the failure to resjiond 
to salicylates. 

Treatment. There is no .specific or effective treatment for the 
anemia. Transfusions need not be given unless the patient is hav- 
ing a hemolytic crisis. These patients frequently have severe trans- 
fusion reactions and the benefit derived from transfusion is of short 
duration. 

Digitalis has been of no aid in treating the congestive failure 
that oeeurs in the late stages of the disease, or during a hemolytic 
crisis. One child who had congestive failure during a severe hemo- 
lytic crisis one year before death, received digitalis to the point of 
intoxication without any improvement. His recovery from myo- 
cardial failure occurred promptly when the crisis had ended. 

The recurrent leg ulcers are extremely difficult to heal. Adequate 
rest with ele^’ation of the legs prevents the edema which usually 
precedes the ulcers. Variable results have been obtained by local 
excision, followed by grafting, and mecholyl iontophoresis. Lumbar 
sympathectomy has produced good results in 1 case. , 

' Summary, i. The heart is diffusely enlarged in patients with 
sickle cell anemia. There are usually systolic and diastolic mur- 
murs and a third heart sound at the apex, and an accentuated second 
pulmonic sound with a systolic murmur at the base. 

2. The P-R interval of the electrocardiogram is often prolonged. 

3. The similarities between rheumatic fever and sickle cell anemia 
are discussed. In sickle cell anemia, pain is not confined to the joints 
and the response to salicylates is not striking. 

4. Although the diagnosis of rheumatic heart disease has often 
been made in patients with sickle cell anemia, it has not yet been 
confirmed at autopsy. 
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5. Congestive heart failure, not responding to digitalis, is common 
only in the terminal stages of the disease. 

6. The cardiac changes in sickle cell anemia are probably secon- 
dary to the severe long-standing anemia. 

Conclusions. 1. No cause other than the profound anemia is 
found, to explain the cardiac changes in patients with sickle cell 
anemia. The mechanism by which any anemia produces changes 
in the heart is not entirely understood, but it seems probable that 
the hypertrophy and dilatation are compensatory for the prolonged 
anoxemia. 

2. The cardiac changes of patients with sickle cell anemia are 
more marked than the changes found in other anemias. This is 
because sickle cell anemia is somewhat unique in the long duration 
of such a severe degree of anemia. 

3. The prolonged A-V conduction time is probably due to in- 
creased vagal tone, which also appears to be secondary to, or com- 
pensatory for, the prolonged anoxemia. 

4. Although the clinical picture may closely resemble rheumatic 
fever, there is no proved instance of the two diseases occurring 
together. From the available data, there is no need to regard these 
patients as uncommonly liable to rheumatic fever. 


I wish to thunk Dr. G. W. Thorn for the blood chenucal studies, Dr. M. M. Win- 
trobe and Dr. I. F. Sherman for the hematologic studies, and Miss Julia Ann Vickers 
and Miss Barbara Spraker for technical assistance in the Cavdiographic Laboratory. 
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A NOTE ON CARDIAC MDRMtlRS. 
Recomiviendation for a Revised Terminology. 

]5v 1 ’aul D. Witm:, M.D., 

ANI» 

])i:.v.vj:rn; Ada.m.s, .AI.I)., 

lUWTON, MAM**., 
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JIoxAU) CnAin, M.])., 
jcniANxr.MiiKiiG, moi:th AnucA, 

Sevkual ycar.-^ a^o it hecaine apparent to us tliat tlic present 
classification of licart innnnur.s na Jinirlional and organic 'vva.s not 
only unsatisfactory I)ut confusinp. I’lie imn funciioual is applied 
loosely to two distinct pronps of nnirnuir.s: those found in the nor- 
mal person and unaccounted for hy the presence of cardiovascular 
or other disease, and those produced hy pathologic dilatation of a 
valve ring, great vessel, or heart chamber. The same term, there- 
fore, has for years been used to describe, on the one hand, a murmur 
of no clinical importance, and on the other, a murmur which may 
liave serious implications. 

The term organic is similarly unsatisfactory; as u.sed today, it 
refers only to the murmurs caused hy actual deformity of a valve. 
Yet serious organic disease of the heart muscle resulting in cardiac 
dilatation may in the absence of valve deformity cause a murmur. 
In infarction of the heart, for example, a systolic murmur due to 
mitral regurgitation is common, yet' no valve deformity exists. To 
call this murmur functional conveys the erroneous impression that 
it has no serious import. 

The terms “inorganic” and “accidental” are likewise unsatis- 
factory because of their inexact and vague connotation. 

The true nature of the various tj^pes of murmurs is in our estima- 
tion more clearly indicated by the following nomenclature: 

Physiologic Murmurs. A. Intracardiac or intravascular. B. Ex- 
tracardiac. (a) Cardiopulmonary, (b) Pericardial. 

Pathologic Murmurs. A. Due to structural valvular disease. B, 
Due to congenital cardiovascular defects. C. Due to dilatation of 
A'entricles or aorta or pulmonarj’^ artery from: (a) Cardiovascular 
disease, (b) Other diseases, such as anemia, thyrotoxicosis, or severe 
infection. D. Due to pericarditis. 

I. Physiologic Murmurs, These are frequently found in normal 
persons and may be intra- or extracardiac in origin. 

A. Intracardiac or Intravascular. Almost all of these murmurs 
are systolic in time. They are most often heard over the pulmonic 
valve area, and the majority of the remainder are at the ape.x. They 
are usuallj’ short, rarely occupying all of systole, are soft and blow- 
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ing in quality, and are heard over a linaited area. They are not 
associated with cardiac enlargement or any other evidence of heart 
disease. They may be louder at the end of inspiration but much 
more often at the end of expiration. They are likely to be evanes- 
cent or inconstant. They may appear after hard exertion and dis- 
appear within a few minutes or hours. They vary with the position 
of the bod}'^, being loudest as a rule in recumbency and often are 
heard only in that position. 

B. Extracardiac, (o) Cardiopulmonary murmurs (short for mur- 
murs within the lungs produced by the action of the heart). The 
term currently used to describe these murmurs, cardiorespiratory, 
should be abandoned because of its ambiguity; it is applied not 
only to murmurs arising in the lung— the true cardiopulmonary 
murmurs— but is also incorrect^'' applied to intracardiac or intra- 
vascular murmurs which happen to be heard more clearly in one 
phase of respiration (usually exqiiration) than in the other. Cardio- 
pulmonarj’- murmurs are usually sj^stolic in time, rarely diastolic, 
thej' are blowing in qualitj’’, and relatively faint. They are thought 
to be the result of cardiac action on the lungs themselves in squeez- 
ing air from a small portion of the lung overlying the heart by 
compression and of drawing air into the lung adjacent to the heart 
by suction. Since both vary with respiration, it is sometimes diffi- 
cult to differentiate true cardiopulmonary murmurs from physio- 
logic murmurs of intracardiac or intravascular origin, (b) Peri- 
cardial sounds. Superficial scratchy sounds of short duration, sys- 
tolic or diastolic or both, are occasionally heard along the left 
border of the sternum, particularly after exertion or under other 
circumstances of increased blood flow, as in thyrotoxicosis. The}^ 
can probably be explained as due to compression of the pericardial 
surfaces by the vigorously acting heart or pulmonary artery. Ortiz 
has demonstrated that pericardial friction sounds can be produced 
by pressure on a normal pericardial surface. 

n. Pathologic Mmmurs. These are systolic or diastolic and can 
be divided into three categories; 

A. Those due to structural disease of the valves. 

B. Those due to congenital cardiovascular defects. 

C. Those found with dilatation of a vessel or chamber secondar\' 
to: (a) Cardiovascular disease, such as the apical systolic murmur 
of relative mitral insufficiency in a case of hypertension with pro- 
nounced left ventricular enlargement, or of rheumatic myocarditis, 
or of myocardial infarction, (b) Other disorders which secondarily 
affect the circulatory system, such as anemia. 

D. Those due to acute pericarditis. These are systolic or systolic 
and diastolic in time, often scratchy, and usually best heard at the 
left lower border of the sternum or midway between that region 
and the apex. They may be designated simply as friction sounds. 

* Ortiz y Ramirez, T.: Arch, latino am. de cardiol. y hemat., 3, 45, 1933. 
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It is often (iHiicnlt, iiulml impossible, to deeidc wliether a systolic 
inunnur, ■Hdien it is slight in degree, is ]>hysiologie or pathnlngie. Like- 
wise, it is sometitnes iinpossihlc to determine in the case of patho- 
logic murmurs whether or not they are due to deformed valves. 
■Moreover, both valvular deformity and dilatation of iieart ehainbers 
or great vessels may be factors in the sjime ease. Nevertheless this 
simjile elassifieation is one we have found to be far sn|)erior to the 
old one, and we recommend its adoption. 

As exami)les of the use of this revised nomenclature of heart 
murmurs, we j)resent an analysis of two groups r)f eases: (1) 100 
Harvard frc.shinen (among the first .ViO e.vamined in lO.'tO-IO) who 
showed murmurs;* (2) 100 private patients.! 
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37 


* Courtesy of Dr. Arlie V. Bock, Profcs>.‘<or of HyRienc, Htirvnrti University, 
t Records of Dr. P.oul D. AVhite. 

t Undoubtedly in several cases both dilatation and valvular deformity were 
responsible factors. 

§ This case showed also diastolic murmurs, mitral and aortic. 

^ Of thc.se 29 cases, 27 showed also diastolic murmurs, mitral, aortic, or both. 


THE EARLY DIAGNOSIS OF SYPHILITIC AORTITIS.* 
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SvPHiLis is an important cause of heart disease that usually 
appears 15 to 20 years after the primarj^ lesion. During the long 

* This study was aided through a grant from the Isaac Kaufman Foundation, 
Montefiore Hospital. 
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latent period few cases with early syphilitic aortitis are recognized. 
In the majority of instances the diagnosis is made late in the disease 
when serious complications of aortitis are present, namely, aortic 
regurgitation, saccular aneurysm or stenosis of the coronary ostia. 

The diagnosis at this late stage of the disease is of little value. 
Because the results of antisyphilitic treatment are dependent upon 
the stage of the disease in which it is started, ““-2® it is very impor- 
tant that aortitis is recognized before complications develop. Early 
diagnosis, however, is very difficult. Many writers® recognize 
this although contrary Yiews^“-^®-^’’i® are to be found. The purpose 
of this paper is to determine the feasibility of the diagnosis of early 
or uncomplicated syphilitic aortitis. 

Material and Methods, The material used consisted of 200 syphilitic 
patients without saccular aneurysm, arterial hypertension or valvular dis- 
ease and 200 individuals of the same age and sex without syphilis, this latter 
group being used as a control. The diagnosis of syphilis was based on the 
presence of repeated positive Wassermann and Kahn reactions of the blood. 
In the control group, syphilis was excluded b 5 '- history, physical examination, 
which included neurologic examination, and repeated serologic investigation 
of the blood. 

The study was limited to patients between 20 and 50 years of age free 
from roentgenographic and physical evidence of arteriosclerosis. Patients 
vith abnormal elevation of the diaphragm or kyphoscoliosis were excluded 
from the study. Patients with past or present arterial hypertension and 
rheumatic aortic insufficiency were also excluded since dynamic dilatation 
has been reported in each of these conditions.®® 



Fig. 1. — Vaquez-Bordet measurement of the aortic arch. 


The following procedures were obtained in each patient; 1, a teleroent- 
genogram and fluoroscopy; 2, a physical examination; and 3, an electro- 
cardiogram. The roentgenograms were obtained in the postero-anterior 
and left anterior oblique positions, the latter at an angle of about 45 degrees. 
These were taken at the end of moderate inspiration, at a distance of 6 feet, 
with the patient standing. Ph 5 ^sical e.xamination was conducted in the 
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merit of the farthest point of the aortic Icnob to the left of the mid-sternal 
line/’jio (Fig. 1). The ividth of the root of the aorta in the left oblique 
position -R-as obtained by drawing a transverse line from the “junction of 
the ascending aorta with the anterior border' of the heart to the region of 
the pulmonary arterj’- where it intersects the posterior border of the heart 
(Fig. 2). The aortic arch was also measured in the left oblique position 
in the manner indicated by Fray.® “A line was drawn transversely from 
the ascending limb of the arch to a corresponding point on the descending 
limb at this level. The chest measurement was taken at the level of the 
arch measuring from the right anterior chest wall to the left costovertebral 
articulation. The diameter of the chest was divided by the diameter of 
the arch to obtain a ratio called the transverse-arch-chest index” (Fig. 3). 

Results. I. Roentgen Examination. (A) An analysis of the 
Vaquez-Bordet measurement in 200 normal patients revealed a 
wide variation in the size of the normal aorta. The latter measured 
3.9 to 7.8 cm. No definite relation could be demonstrated between 
the size of the aorta and the race, sex, height, weight, chest diameter, 
occupation and age of the individual patient, although there was a 
tendency to an increase in the size of the aorta in obese or older 
patients. It is impossible to determine a standard of normal 
measurement on account of the marked variability of the normal 
aorta. 

A summary and comparison of the Vaquez-Bordet measurement 
of 200 non-syphilitic and 200 syphilitic patients by age groups is 
shown in Table 1. The impressive feature of this comparison is 
that, with a few exceptions, the two groups present identical meas- 
urements. The increase in the size of the aorta is virtually the same 
with advancing years in syphilitic and non-syphiiitic patients and is 
apparently due to arteriosclerosis. 


Table 1 . — A Compabison of the Vaqttez-Bohdet Measurement in Normal anb 

Syphilitic Subjects. 


Extreme variations of Average aortic 

Age. aortic width (cm.). width (cm.). 

20-30 3,9 6.6 5.0 

SO-SO 3.S ff.7 6.0 

31-40 4.8 7.6 ' 5.8 

31-40 4-0 7.5 5.8 

41-50 4.7 7.4 6.2 

41-60 4-8'-10.0 6.7 


Black — Bormal. Italic — syphilitic. 


An analysis of the syphilitic group revealed the fact that 3 % had 
unequivocal or diflPuse aneurysmal dilatation of the thoracic aorta. 
The aortic shadow then has a characteristic fusiform or spindle- 
shaped appearance in the postero-anterior and oblique positions 
(Fig. 4). It is important to note that the roentgenologic diagnosis 
of syphilitic aortitis in these instances was made late in the disease, 
18 to 20 years after the onset of the. infection. Thus, it appears 
that the postero-anterior teleroentgenogram is of practically no aid 
in the early diagnosis of syphilitic aortitis but of distinct value in 
the late stages when wide dilatation of the aorta exists, since in 
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many instances it is the first or even the only sign to lead one to the 
proper diagnosis. Before making the diagnosis of diffuse aortic 
dilatation, however, the postero-antorior view must be supplemented 
by an oblique view for accurate diagnosis.*' Otherwise, elongation 
and tortuosity of the aorta of sclerotic origin may be interpreted 
incorrectly as dilatation. 

We attemj)ted to determine the influence of arterial hypertension 
or advanced arteriosclerosis uj)on the width of the aortic arch. For 
this reason we studied a number of non-syplulitic patients between 
40 and 50 years with hypertension as well as another group of 
patients i)ctween 50 and 70 years, with and without hypertension. Wc 
found, like other workers,''^ that wide aortic dilatation may exist 
with arterial hypertension or advanced arteriosclerosis. The result 



Fig. 4. — Posterio-anterior and left oblique teleroentgenogram illustrating diffuse 

dilation of the aorta. 


is that in the complicating presence of these conditions it is im- 
possible to recognize syphilitic aortitis by Roentgen ray before the 
advent of saccular aneurj'sm. 

B. Hampton’s^® method of measuring the root of the aorte seems 
to be of little value in the early diagnosis of syphilitic aortitis. The 
root of the normal aorta measured 4 to 7.4 cm. This wide variation 
is responsible for the difficulty in obtaining a reliable standard of 
normal measurement. 

Hampton’s measurement fails to distinguish the syphilitic from 
the non-syphilitic aorta prior to the onset of marked aortic dilata- 
tion. A summary and comparison of the root measurement of 
Hampton in syphilitic and non-syphilitic individuals by age groups 
is presented in Table 2. With a few exceptions, the two groups 
present similar measurements. In our study the maximum root 
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measurement in a normal patient was 7.4 cm, rather than 6 cm. as 
reported by Hampton. Among 200 syphilitic patients without 
complications, only 2 cases (1%) presented root measurements 
above 7.4 cm. These cases had, wide dilatation, recognized first by 
Roentgen ray 20 years after the primary infection. 


Table 2. — A Comparison of the Root Measurement of Hampton in Syphilitic 

AND Non-syphilitic Subjects. 


Age. 

Extreme variations of 

Average aortic 

aortic root (cm.) . 

root (cm.). 

20-30 . . 

4.0 6.2 

5.18 

20-S0 . . 

3.6 6.6 

6.1 

31-40 . . 

. . . .... 4.0 7.0 

5.5 

31-40 . . 

4.0 7.0 

6.4 

41-50 . . 

4.0 7.4 

5.6 

41-50 . . 

3.0—10.0 

Black— normal. Italic — syphilitic. 

6.4 


• Seven and a half per cent of normal and 14% of syphilitic indi- 
viduals presented root measurements between 6.2 and 7.4 cm. The 
increased incidence among syphilitics is no doubt significant since 
syphilis commonly involves the root or proximal portion of the aorta. 
But it is impossible to evaluate this fact clinically since Hampton’s 
measurement fails to differentiate the syphilitic from the non- 
syphilitic aorta. 

C. Fray* concluded from his studies of the aortic arch that the 
transverse-arch-chest index sharplj^ differentiates the normal from 
the abnormal aorta. He found that the normal arch had a trans- 
verse-arch-chest index above 1.9 and that the pathologic or dilated 
aorta had a transverse-arch-chest index below 1.9. 

Our findings indicate that Fray’s index is of little value in the 
earl}’- diagnosis of syphilitic aortitis. We found: 1, that normal 
patients may have an index below 1,9; and 2, that the indices of 
normal patients were indistinguishable from those of syphilitic 
patients prior to the development of marked aortic dilatation. A 
summary and comparison of the indices by age group may be seen 
in Table 3. The lowest index in our normal group was 1.65 and 
occurred in a male of 35. Only 1 out of 200 syphilitic patients had 
an index below 1.65. 


Table .3. — A Comparison of the Transverse-Arch-Index of Fray in Normal 

AND Syphilitic Subjects. 



Extreme variations of 

Average 


transverse-areh-index 

transverse-arch- 

Age. 

(cm.). 

index (cm.) 

20-29 . 

. . 1.65—2.93 

2.36 

20-29 . 

. . . . 1.76—2.76 

2.33 

.30-39 . 

. . . . 1.80—3.15 

2.14 

30-39 . 

. . . . 1.65—3.16 

2.31 

40-49 . 

. . . . 1.71—2.59 

2.15 

40-49 . 

1.65—2.32 

Black— normal. Italic — syphilitic. 

2.03 
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or the normal f^roiii) 2.7% «n<l «»r the syjjhilitic gronj) 7% liad an 
index below 1.9. 'J’lie inorensed incidence may mean sypliililio 
aortic disea.se imt, it is diflicnU to evaluate this clinically. 

1 ). Flnoroscopy lias been sufmested ns an aid in the diagnosis of 
aortic .sypliilis. I>ocal dilatation with increased piiKsation or in- 
creased density and irregularity of the aortic wall have been re- 
garded diagnostic of .sypliilitie aortitis by various observers.'’--' 

Our results with fluoroscopy have led us to believe that these 
signs are not pathognomonic of syjihilitic aortitis. Two cases of 
local dilatation of the jiroximal portion of the aorta were observed; 
one in a syphilitic, the other in a non-syphilitic. O’Kane and his 
coworker.s-'’ observed local aortic dilatation in a few patients that 
proved to be due to arteriosclerosis at autoj).sy. I’liis lesion has 
also been described in arterial hypertension, coarctation of the 
aorta, rheumatic aortic insufliciency and syjihilitic aortitis.'* In 
other words, it must be remembered that local aortic dilatation is 
.sugge.stive but not pathognomonic of syphilitic aortitis. We missed 
the correct diagnosis in one instance because we failed to take this 
into consideration. This patient had a positive Wassermann reac- 
tion, signs of aortic insufficiency and Roentgen ray evidence of local 
dilatation of the aorta suggestive of beginning aneurysm. Autopsy, 
however, revealed a rheumatic lesion of the aortic and mitral valves 
and a normal aorta. 

Our failure to identify early syphilitic aortitis roentgenographi- 
cally has been noted previously by other authors.'-"’ Various pro- 
posed measurements of the aorta to detect early syphilitic aortitis 
have proved to be unreliable ground for diagnosis leading to error. 

Every reported radiologic abnormality of the syphilitic aorta in- 
cluding saccular aneurysm has been observed in non-sj-philitic aortic 
disease. Although saccular aneurj-sm of the aorta is almost always 
the result of syphilis, it must be remembered that in rare instances 
this lesion maj^ be due to advanced arteriosclerosis, particularly in 
aged individuals. In our study of 200 normal patients diffuse 
dilatation was not observed in a single case. In 200 syphilitic 
patients of approximately the same age diffuse aneurysmal dilata- 
tion occurred in 6 cases or in 3% of the series. Diffuse dilatation 
was also observed in a few non-sj-philitic cases, but always in the 
presence of marked hypertension*, rheumatic aortic insufficiency or 
in aged patients with obvious arteriosclerosis. Evidently, diffuse 
dilatation is the most reliable Roentgen ray sign of sjT)hilitic infec- 
tion of the aorta before the advent of saccular aneurysm, providing 
arterial hypertension, arteriosclerosis and rheumatic aortic insuffi- 
ciency are first ruled out. 

Since the roentgenologic diagnosis is largely dependent upon a 
marked increase in the size of the aorta, lesser degrees of aortitis are 
frequently unrecognized. In fact, one serious complication of 
aortitis maj" be present without any change in the size of the aorta, 
namely, stenosis or 'occlusion of the coronary ostia.*^ 
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II. Physical Examination. Increased pulsation in the supra- 
sternal notch, a systolic aortic blow, an accentuated or tympanitic 
aortic second sound and retromanubrial dullness have been reported 
as signs of syphilitic aortitis. The presence or absence of each of 
these signs was noted by us in the physical examination of 200 syph- 
ilitic and 750 non-syphilitic patients with the aim of determining 
their value in the diagnosis of syphilitic aortitis. 

A. The least reliable of all physical signs proved to be visible or 
palpable pulsation in the suprasternal notch. Prominent pulsation 
was present in 2 out of 6 cases with diffuse aortic dilatation and 
slight or absent in 4. The diminished pulsation of the diseased 
aorta has been observed by other workers.’® On the other hand, 
we frequently obtained prominent pulsation in both syphilitic and 
non-syphilitic patients who showed no evidence of dilatation on 
roentgenologic examination. 

B. Retromanubrial dullness proved to be of little value in the 
diagnosis of aortitis. We obtained this sign in many non-syphilitic 
patients, with and without arterial h 3 'pertension. In some of these 
cases the aorta proved to be dilated on Roentgen examination; others 
howe^'er were merelj" elongated. 

The “silent” aneurysm without signs or symptoms is well known 
to clinicians. Of 6 cases of saccular aneurysm seen in the course of 
this study one was suspected on the basis of percussion ; while 5 re- 
mained undiagnosed after phj’^sical examination. Kampmeier^^ 
recently analyzed the results of percussion in 566 cases- of saccular 
aneurj'sm. He found abnormal dullness in 22.4% of the cases and 
absent in the remainder. Obviouslj', percussion is not a very reli- 
able method of clinical diagnosis since abnormal dullness is often 
absent in the presence of a dilated aorta and present more frequentl.y 
with arteriosclerosis or hypertension than with aortic syphilis. 

C. A slight sj^stolic aortic murmur occurred in -3 out of 200 syph- 
ilitic patients or in 1.5% of the series. Two of these had diffuse 
aneurysmal dilatation of the aorta, one a normal aorta. It is im- 
portant to note that a systolic aortic murmur occurred in only 2 out 
of 6 syphilitic patients who presented diffuse aortic dilatation; 

4 had normal heart sounds. Furthermore, we obtained an identical 
murmur in 2% of the normal control series. 

White and Wise®^ have similarly pointed out that a loud aortic 
systolic murmur is not pathognomonic of aortic sj’^philis, but that 
it may occur with aortic dilatation not due to syphilis as well as 
with aortic stenosis of rheumatic or sclerotic origin. We agree 
with these observers that a systolic aortic murmur cannot be 
regarded as specific evidence of aortic sj'^philis. 

D. The tympanitic aortic second sound has been regarded pathog- 
nomonic of aortic syphilis by some clinicians^® and of no value in diag- 
nosis by others.®^ (By a tympanitic or tambour aortic second sound 
is meant a change in the quality as well as an increase in the intensity 
of the heart sound, characterized bj" a hollow or drum-like sound.) 

VOL. 203, NO. 1.— JANOART, 1942 3 
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^^e believe that the tympanitic aortic second sound may be a 
clue to the correct diagnosis providing the general condition of the 
patient is carefully analyzed. We are certain that this sign may 
occur %vith arteriosclerosis or arterial hypertension as well as with 
syphilis. We obtained this sign in .5 of 200 syphilitic cases 

under 50 years of age without hypertension. On the other hand, 
this sign occurred only once in 500 normal cases of the same age 
period. Because this sign is rare in normal individuals'* we believe 
that it is of diagnostic value providing arteriosclerosis, valvular 
heart disease and hypertension are first ruled out. The following 
case illustrates this point. 

Case Report. A colored m.alc of 49 complained of moderate pain in the 
left aplla and left lower back, unrelated to effort. Tins Avas of 1 year’s 
duration. _ Physical examination revealed a sinple po.«itive physical finding, 
a tjTnpanitic aortic .second sound. In the absence of increased arterial 
pressure this sign suggested the possibility of aortic disease. The blood 
\Vasserm_ann reaction was negative, but questioning yielded a historj’ of a 
primarj' infection 20 years ago. The roentgenogram revealed dilTuse aortic 
dilatation (Fig. 4). The patient received a therapeutic test consisting of 
4 gm. of potassium iodide daily and bismuth at weekly intervals. The 
response to the therapeutic test was dramatic. At the end of a month the 
pain Avas much less and the Wassermann and Kahn reactions of the blood 
became strongly positive on several occasions. 

Although the tympanitic aortic second sound may be of A’alue in 
diagnosis, this finding alone cannot be accepted as unequivocal 
cA'idence of aortic SA-philis. Upon finding this sign, we belicA'e that 
a careful roentgenologic examination is indicated to determine the 
presence or absence of an aortic lesion. In the final analysis, un- 
complicated S3'philitic aortitis can be recognized oixIa* b\’’ roent- 
genologic studj’' since there are no phA'sical signs that are pathogno- 
monic of tliis condition. 

III. Electrocardiograms. Electrocardiographic studies®’-® have 
failed to show anj’ significant changes during or following the 
primarj^ or secondarj" lesion, or anj' characteristic abnormalities in 
latent or tertiary" sj"philis. 

We analyzed the electrocardiogram of 160 sj-philitic patients. 
The interval between the chancre and the electrocardiographic 
studj" A"aried from 3 to 39 years with an aA"erage interval of 14.7 years. 

The electrocardiogram rarely shows abnormalities in uncompli- 
cated S3"philitic aortitis. Of 160 sj"philitic patients without demon- , 
strable complications, 5 presented an abnormal tracing. These 
consisted of an absent Q4 together with a positiA"e Ti,a diphasic T2, 
and a PR interval of 0.24 second respectiA"elj". It is well knoAvn 
that these changes are not pathognomonic of sj’philitic aortitis. 
Six other sj"philitic patients had an abnormal tracing, but chronic 
rheumatic heart disease was present in 1 and arterial hj"perten- 
sion in 5. 

The electrocardiographic changes of cardiovascular syphilis de- 
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velop late in the disease and are relatively unimportant clinicall}^ 
Siicli changes are generally due to aortic regurgitation or stenosis 
of the coronary orifice, and rarely, to gumma or myocarditis.^ 
Changes in the ventricular complex were present in 5 out of 6 cases 
with aortic regurgitation in the present study. 

A normal electrocardiogram, on the other hand, does not rule 
out cardiovascular syphilis. This occurred in 1 case with aortic 
regurgitation, in 3 patients with saccular aneurysm and in 3 patients 
with diffuse aortic dilatation. 

In agreement with other workers®^ we note that auricular fibrilla- 
tion is rare in patients with syphilis. In our study auricular fibril- 
lation occurred in 1 out of 200 syphilitic patients without aortic 
insufficiency, saccular aneurysm or arterial hypertension. It is sig- 
nificant that this patient had wide aortic dilatation and cardiac 
symptoms. Auricular fibrillation also occurred in 1 patient with 
aortic insufficiency and saccular aneurysm. A third case of 
auricular fibrillation was seen in association with syphilitic aortic 
insufficiencj’’ and hyperthyroidism. In this patient the arrythmia 
subsided after a partial thyroidectomy. Evidently, auricular fibril- 
lation is not only rare in patients with syphilis but, when present, 
is a manifestation of a cardiac complication, either syphilitic or 
non-syphilitic. 

Discussion. In 1932 Moore, Danglade and Reisinger^® established 
diagnostic criteria for uncomplicated syphilitic aortitis. These 
criteria were: “(1) teleroentgenographic and fluoroscopic evidence 
of aortic dilatation; (2) increased retromanubrial dullness; (3) a 
history of circulatory embarrassment; (4) a tympanitic, bell-like 
accentuation of the aortic second sound; (5) progressive cardiac 
failure; (6) substernal pain; (7) paroxysmal dyspnea.'’ 

We are convinced that these criteria are not diagnostic of uncom- 
plicated syphilitic aortitis, but are characteristic of aortitis with 
serious complications. It appears that Moore and his coworkers 
used the term uncomplicated aortitis inconclusively. By uncom- 
plicated aortitis they understood a “ supra-valvular involvement of 
the aortic wall with or without diffuse dilatation, but without 
valvular insufficiency or saccular aneurysm.” It is significant that 
these workers failed to consider the condition of the coronary vessels 
in subjects with cardiac symptoms who came to autopsy. This is 
particularly important since a well-recognized cause of cardiac 
failure is syphilitic involvement of the coronary orifice. Stenosis 
or occlusion of the coronary orifice has been found at autopsy in 
10% to 35% of cases with syphilitic aortitis.^-^-s.is.ss Careful patho- 
logic studies have proved: 1, that uncomplicated syphilitic aortitis 
is symptomless; and 2, that cardiac symptoms in a syphilitic patient 
are due to complications of aortitis, i. e., saccular aneurysm, valvu- 
lar insufficiency or stenosis of the coronary orifice, or to some un- 
related condition such as degenerative or rheumatic heart disease.’^-^= 
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Cardiac symptoms, abnormal physical sipns or a dilated aorta 
may occur with syphilitic aortitis hut these criteria arc not pathog- 
nomonic of this disease. It is well known that the identical criteria 
occur far more frequently with degenerative cardiovascular di.sca.se. 
The history of syphilis or the j)rcsence of a positive serology docs 
not mean that syphilis is nece.s.sarily an etiologic factor. Further- 
more, syphilitic aortitis and degenerative heart disca.se may co- 
e,xist with syphilis playing no role in the production of symptoms. 
Thus Perry and I^imgsam-' recently found at autopsy a number of 
cases with syphilitic aortitis who died of hypertensive disease. It 
cannot be emphasized too strongly that no single sign or symptom is 
all-important in the diagno.sis of syphilitic aortitis. The diagnosis 
must rest upon roentgenologic examination plus a careful analysis 
of the general condition of the patient. 

This study supports the contention that a positive clinical diag- 
nosis of early syphilitic aortitis is practically impo.s.siblc. This study 
clearly shows that a reliable diagnosis cannot be jnade before wide 
dilatation of the aorta has occurred. ^Vc agree with Wiitc and 
Wise®* that a positive diagnosis of cardiovascular syphilis can be 
made only when one or more of the following findings is present: 
1, a saccular aneurysm of the aorta or innominate artery; 2, aortic 
regurgitation appearing for the first time in a middle-aged person 
with a positive serologic reaction for syphilis; or 3, a diffusely dilated 
aorta without aortic regurgitation or hypertension, past or present. 

Summary. We have attempted to repeat previously emphasized 
methods of examination to determine their value in the diagnosis 
of early or uncomplicated syphilitic aortitis. Two hundred patients 
with sj'philis and 200 patients as normal controls were used for this 
purpose. Our conclusions are as follows: 

1. There is no single pathognomonic sign of early syphilitic 
aortitis discernible either by Roentgen ray, electrocardiogram or 
physical examination. 

2. It is impossible at present to make a positive clinical diagnosis 
of early syphilitic aortitis. 

3. Roentgen ray examination is a valuable aid in the diagnosis of 
late aortitis, at times being the first or only indication that such a 
condition exists. 

We -wish to thank Dr. Leo Criep, Dr. Krikor Vardumian, Mrs. Lois Ramsey, 
Miss Mary Lynch and Mr, A. Le\dn for their technical assistance. 
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raSTOLOGIC KroNEY CHANGES IN THE COMMON ACUTE 

INFECTIOUS DISEASES. 

By Milton Kanner-stein, M.D.* 

PATHOLOGIST, ST. MARV’s HOSPITAL, CLARKSBURG, W. VA. 

(From the Laboratory of Pathology, Willard Parker Hospital, New York, N. Y.) 

The physician, attending cases of the common acute infectious 
diseases, frequently’ experiences concern about the possibility of a 
renal complication, particularly in the presence of albuminuria and 
cylindruria. Discussions of the actual pathologic findings in the 
kidneys in these diseases have appeared in the medical literature 
over the course of many years, but are widely scattered under many 
individual subject headings. It was thought, therefore, that a 
review of the renal histopathology of the more common acute infec- 
tious diseases might be of interest. In this article no attempt is 
made to survey the extensive literature. Its basis is the postmor- 
tem material of 9 years (1930 through 1938) at the Willard Parker 
Hospital. 

There was no selection of cases except that some were ruled out 
because of doubtful diagnosis or multiplicity of infection. There 
were 58 cases of scarlet fever, 70 cases of diphtheria, 98 cases of 
measles, 62 cases of pertussis, 16 cases of meningococcic meningitis, 
and 9 cases of varicella. The number of cases of poliomyelitis re- 
viewed was arbitrarily limited to 50. In the text and the table 
included in this report the incidence of each type of lesion is ex- 
pressed as a percentage of the total number of cases of that disease 
that came to autopsy. Because there were so few cases of influenzal 


* Formerly Pathology Resident, Willard Parker Hospital, New York. 
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inoniiigitis and varicella, llie incidence was cx])rcs‘;cd as the ahso- 
lutc innnhcr of cases as well as jicrccntagc. 'I’iic lesions are grouped 
as diffuse glomerular, tid)ular, interstitial and vascular. 

T.vui.k 1.— lIiKTdi.tjc.u; C^nANiir.s ik tiii; Kiunkvk in tiik Accti; CoNTAC.ioes 
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Gloaierulau Lesions. Congestion of the glomeruli was very 
frequent. Droplets of protein matter were found in Boi\Tnan’s 
capsule in most of those cases that showed degenerative tubular 
changes. Since the glomerular loops themselves were unchanged in 
these cases and there was no epithelial proliferation or desquamation, 
these changes were not regarded as inflammatory. Their incidence 
and significance appears to be about the same as toxic nephrotic 
changes, and thej’^ are not included in the table. The normal inA'olu- 
tional obliteration and fibrosis of some glomeruli seen in infants and 
senile arteriosclerotic lesions were omitted as irrelevant. 

The minimal glomerular lesion which may be regarded as inflam- 
matory is listed as increased ghmcrnlar celhdarUy. Although this 
may be similar to the lesion referred to as “subclinical glomerulitis ” 
by Bell,^ no basement membrane staining was done nor any attempt 
made to distinguish between epithelium and endothelium, and we 
do not go beyond a descriptiA'c term. This lesion is characterized 
by a marked increase in the cells of the wall of the glomerular tuft 
or in polymorphonuclears in the lumens of the loops. It will be 
noted from the' table that these minimal glomerular lesions are 
infrequent. 

A true diffuse glomendonephritis was seen in only 2 cases of scarlet 
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fever (3.4% of the cases of that disease). In 1 case death occurred 
on the 2Stli day of the scarlet fever; in the other on the 22d day of 
the scarlet fever and the 12th day of the nephritis. The first showed 
swelling of all glomeruli which had anemic and very cellular -loops 
filling the glomerular capsule. In numerous glomeruli of the second 
case the vascular tufts contained hyaline thrombi; epithelial cres- 
cents were present in many capsules; occasional small in tra capsular 
hemorrhages were observed. Both cases had the clinical picture of 
glomerulonephritis. 

Tubular Lesions. Alhnminovs decieneraiion (also called granu- 
lar degeneration, and from its gross appearance, cloudy swelling) 
was the most frequent lesion of any type in all the diseases dealt 
with. In the mildest cases it was seen in the proximal convoluted 
tubule, especially in the straight part situated in the medullary rays. 
In severe cases the entire proximal and distal convoluted tubules 
were involved. In the table all cases showing albuminous degenera- 
tion are listed whether it was seen alone or with the more severe 
degeneratiA^e changes. It was seen with almost equal frequency in 
scarlet fever, diphtheria, measles and meningococcic meningitis, and 
somewhat less frequently in pertussis and poliomyelitis. Albumin- 
ous degeneration alone, without the more severe forms of degenera- 
tion or the first stage of nephrosis (Fahr'*), was observed in 80% of 
scarlet fever, 65% of diphtheria, 85% of measles, 58% of pertussis, 
64% of poliomyelitis, and 94% of meningococcic meningitis. 

The appearance of hyaline (lrox>leis indicates the second stage of 
nephrosis according to Fahr. In our series, hyaline droplet degenera- 
tion was never diffuse and was usually seen in the subcapsular and 
mid-cortical layers, often in the neck of the proximal convoluted 
tubule. In a few cases it was observed in the epithelium covering 
the glomeruli. The total of hyaline droplet degeneration seen, with 
or without tubular necrosis, as listed in the table, ivas highest in 
diphtheria with 25%. Pertussis came next with 19%. The inci- 
dence in measles, sca-rlet fever and poliomyelitis was low, with 8%, 
9%, and 4% respectively. Hyaline droplet degeneration without 
necrosis,- that is, the second stage of nephrosis, was 14% in diph- 
theria, 19% in pertussis, 5% in measles and 4% in poliomyelitis. 

Coagulation necrosis, which indicates the third stage of nephrosis 
(Fahr), was seen most frequently in diphtheria where it was present 
in 16%. Far fewer cases of scarlet fever (7%) and measles (4%) 
showed this change. It was not present in the other diseases. 
Coagulation necrosis of an occasional single cell was not counted. 
Those cases alone were listed under this heading where groups of 
entire cross-sections of tubules showed deeply eosinophilic cells with 
pyknotic nuclei or absence of nuclei. In diphtheria desquamation 
of these' deeply eosinophilic (necrotic) cells was often accompanied 
by regeneration of low slightly basophilic cells. The necrosis was 
usually limited to a few groups of tubules. In only 1 case was 
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necrosis dUVusc, resembling that of mercuriiil ])oisoning. No eal- 
cium deposit, as seen in mercury i)oisoning or in diplithcria of the 
pre-antitoxin days (Heiche'') was noted. 

Catifs. The presence of casts in tlic tubules as seen in histologic 
sections was enumerated. The findings are listed under tubular 
changes for reasons mentioned in the discussion. Casts, usually 
hyaline, were found with striking frequency in diphtheria (07%), 
and much less often even in scarlet fever, the disease which came 
next with 40%. 



Flo. 1. — Scarlet fever. Interstitial infiltration (interstitial nephritis) (100 X , slightly 

enlarged). 

Interstitial Lesions. These were an infiltration of inflamma- 
tory cells into the interstitial tissues and an inflammatorj' edema. 
They are listed separately, although both, probably, are parts of 
the same process (Kimmelstiel®). 

The interstitial cellular exudate consisted chiefly of IjTnphocytes. 
Some large mononuclear and plasma cells were usually present. 
Small numbers of polymorphonuclears, including a few eosinophils, 
were found in scarlet fever. The infiltrates varied from small peri- 
venous collections at the junction of the cortex and medulla to a 
diffuse, almost leulcemoid, infiltration of both medulla and cortex. 
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Interstitial infiltration was seen most outstandingly in scarlet fever 
(77%) and in diphtheria (48%). In measles it was much less fre- 
quent (19%), and was negligible in other conditions. 

The extent of the infiltration was estimated according to the 
scheme of Brody and Smith^ wherein 1 -f- represents the perivascular 
collections; 2-i- beginning infiltration into surrounding tissue, and 
.3-f- and 4-f the more extensive and diffuse distribution. In scarlet 
fever 24% were of 3+ and 4+ degree; in diphtheria only 3% were 
of 3+ severity and none of 44-. 

Interstitial edema, resulting in wider separation than normal, of 
the tubules in the cortex was also seen most commonly in scarlet 
fever (42%) where it was usually accompanied by interstitial cellular 
infiltration. It was less frequent in other diseases except in men- 
ingococcic meningitis where it was present in 43% of the relatively 
small series reviewed, with one-seventh of the cases showing cellular 
infiltration. 

Vascular Lesions (aside from diffuse inflammatory glomerular 
lesions). Focal embolic glomemlonephritis or glomerular embolism 
was seen in 2 cases of scarlet fever (3.4%) and 1 case of diphtheria 
(1.4%). These were septic emboli of a small number of glomeruli. 
The sepsis in 1 case of scarlet fever was the result of an acute hemo- 
lytic streptococcic ulcerative endocarditis; in the other,, the organ- 
ism was a pneumococcus, lobar pneumonia having followed the 
scarlet fever. In this case focal embolic glomerulonephritis was 
superimposed on diffuse glomerulonephritis which was present for 
a few days before the onset of the pneumonia. The two lesions 
were unmistakably different. In the diphtheria case blood culture 
failed to show any growth. 

Thrombosis of otherwise unchanged glomerular loops was noted in 
a few cases of diphtheria, measles, and pertussis. There was no 
cardiac valvular or other lesion in these cases which might be a 
possible source of emboli. The thrombi consisted of fibrin without 
bacteria, the glomerular loops showed no necrosis or increased cellu- 
larity. No polymorphonuclears were seen in the capillaries or in 
the capsules; nor was any blood or epithelial crescent formation 
present in Bowman’s capsules. The thrombosis affected a few or 
many glomeruli in one or both kidneys. Some of the kidneys show- 
ing this change were otherwise of surprisingly normal appearance 
and others showed degenerative changes in the tubules. In a few 
cases blood chemistry and urinalysis done shortly before death 
were found to be normal. Because of the negative findings these 
9 cases could not be listed as focal glomerulonephritis. The cases 
occurred in children under 2 years of age. The significance or dura- 
tion of the lesion could not be determined. They may be terminal. 

Several cases of embolk lesions, either septic or aseptic, affecting 
renal blood vessels other than the glomerular tufts were seen in 
scarlet fever and in diphtheria. Aseptic embolism of the larger 
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hranciu's of (he renal artery arising from aseptic mural thrombi of 
the left ventricle was seen in a ease of scarlet fever which presented 
also embolism of the poj)liteal artery, and in a case of diphtheria 
with embolism of the femoral artery and anemi(; infarcts of the spleen. 
Septic embolism of interstitial cni)ill!iries without focal embolic 
glomerulonephritis was seen in 1 ease each of scarlet fever and diph- 
theria. Periarteritis nodo.sa involving most of the abrlominal organs 
and the heart was .seen in a woman of 27, who developed hematuria, 
albuminuria and nitrogen n'tention li weeks after the on.set of scarlet 
fever. She dietl, anuric, (j weeks after the beginning of the scarlet 
fever.'*' 



Fig, 2. — ^Diphtheria. Bland thromboses without necrosis or inflammation in the 
glomerular tufts (100 X). 

Clixic.^l LABOR.iTORY Data. Urinalj’-sis was at'ailable in one- 
third to one-half of the cases. It was absent in most cases with a 
short stay in the hospital, as, for example, cases of poliomyelitis 
admitted in a djdng state, and in many baby girls. The proportion 
of severe albuminuria (2-|- to 4-f ) was highest in diphtheria by far, 
next most frequent in scarlet fever. Most of the severe cases of 
albuminuria showed moderate numbers of white cells and casts. 
Red cells were rarefy present and then in a relatively small number. 

It was thought that the incidence of bacteremia in relation to the 
extent and severity of renal changes might Be of interest; and par- 
* Case to be reported by V. B. Dolgopol. 
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ticularly hemolytic streptoc 9 ccic septicemia in reference to intersti- 
tial nephritis. It is seen that the highest percentage of positive 
blood cultures occurs in scarlet fever (79%) and in measles (73%). 
In both of these four-fifths of the positive cultures were of hemolytic 
streptococci. Other bacteria grown were Streptococcus nridons, 
pneumococcus, meningococcus and diphtheria bacillus. 

Discussion. It will be noted that in this series diffuse glomerulo- 
nephritis was rare. It was seen onlj’^ in scarlet fever, and there only 
in 3.4% of the cases (2 cases). Estimates as to the clinical occur- 
rence of glomerulonephritis following scarlet fever vary widely- but 
it should be pointed out that most deaths following scarlet fever 
occur before the third week when nephritis is most likely to occur; 
and that in only a small percentage of cases is acute glomerulo- 
nephritis a cause 2 Jcr se of death. Cases dying subsequently of the 
clironic effects of glomerulonephritis would not, of course, be seen 
in a hospital for acute infectious diseases. In discussing the patho- 
genesis of acute diffuse glomerulonephritis Bell^ describes a prolifera- 
tion of the glomerular capillary endothelium of varying severity 
occurring in the course of many infectious diseases, notably in sub-, 
acute bacterial endocarditis and puerperal sepsis. He calls this 
lesion ''subclinical glomerulitis.” When the proliferation is of such 
intensity that the capillar}^ lumens are blocked, clinical acute glo- 
merulonephritis appears, according to Bell. Thus he believes acute 
glomerulonephritis and subclinical glomerulitis are continuous and 
essentially a matter of degree. As mentioned before, actual epithe- 
lial-endothelial ratios were not determined in our study. The mere 
impression of an increased number of nuclei in the glomeruli was 
•noted as ^'increased glomerular cellularity.” Thus whether it is 
even the same process Bell describes we cannot say. However; in a 
.small number of cases of scarlet fever in Bell’s series there was no 
endothelial proliferation, and in our cases “ the increased glomerular 
cellularity ” was not more frequent in scarlet fever than in diphtheria. 
Consequently we cannot make any inferences as to the significance 
of the increase in glomerular cellularity'’ or its relation, if any, to 
glomerulonephritis. In 4 cases with “increased glomerular cellu- 
larity” in which urinalysis was available 2 showed albumin and 
2 were negative. 

Tubular degeneration (toxic nephrosis of Fahr^) is the most fre- 
quent kidney lesion observed in the infeetious diseases. The milder 
variety (albuminous degeneration) was observed with almost equal 
frequency in Scarlet fever, diphtheria and measles. The more severe 
varieties (hyaline, droplet degeneration and necrosis of tubular 
epithelium) were more frequent in diphtheria and this coincides 
with the higher incidence of albuminuria in diphtheria. Of course, 
cases seen at aUtopsy would be expected to show the most severe 
generalized septic and toxic changes; clinically^, in non-fatal cases, 
these histologic- changes probably occur far less frequently as esti- 
mated byr albumimbia, cydindruria, and so on. 
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It should he mentioned thnt, since septic complications were the 
usual cause of death in scarlet fever, a pneumonic complication in 
measles and pertussis, the chanRcs recorded of a toxic nature must 
to a considerable extent be attributed to the superimposed infection. 
However, the severity and frequency of the degenerative lesions in 
diphtheria far exceed those in other conditions and are ns striking 
as the inflammatory lesions in scarlet fever. While the effects in 
diphtheria were undoubtedly chiefly the re.suit of the toxin of C. difh- 
iherix, almost one-half the eases had a hemolytic streptococcic sepsis 
and the findings rau.st be interpreted in the light of this also. 

Tlie occurrence of casts in the urine or in the tubules in kidney 
sections is generally associated with alljuminuria. Albuminuria is 
usually taken to indicate leakage of plasma protein through the 
glomerular tuft. The fact thnt, histologically, the glomenili may 
appear normal in the presence of severe albuminuria cannot, of 
course, be used as an argument against a functional derangement 
of the glomeruli. However, the anatomic tubular injui;>' is so promi- 
nent in diphtheria and the parallelism of tubular injury, casts in 
tubules, and albuminuria so evident in this series as to suggest a 
significant relationship between the tubular degeneration and the 
casts. We have, therefore, listed "casts in tubules” as a tubular 
lesion. This is also convenient for the mere fact thnt casts are 
actually seen in the tubules whatever the nature of their origin. 

Interstitial nephritis was obserr-ed most commonly in scarlet 
fever and no other condition approached it in the severity of these 
changes. The percentage of hemolj'tic streptococcus sepsis was 
approximately the same in measles as in scarlet fe^'cr but interstitial 
nephritis was much less common in measles and of a milder degree. • 
In diphtheria, although the incidence of streptococcic sepsis and 
interstitial nephritis was parallel, the changes again were of a much 
milder degree. Thus, while the argument for the relationship of 
streptococcic sepsis, in general, and interstitial nephritis is strong, 
there would appear to be a particularly violent and frequent reac- 
tion in scarlet fever. Kimmelstiel® states that this lesion is usually 
found at autopsy without any history of a disturbance of renal 
function. He describes 6 cases of anuria vath azotemia* in infec- 
tions, burns and other diseases w’hich showed interstitial nephritis 
at autopsy. However, he concludes that the anuria was not proved 
to be of renal origin and, in any event, maj' be merely coincident 
with the anatomic renal lesion and have no causal relationship. He 
found the. lesion present in various tjqjes of hemolytic reactions, 
especially following blood transfusions, and in liver disease or injury 
— the so-called hepatorenal sjmdrome. He regards the lesion as an 
anaphylactoid or hj'perergic response to foreign protein or protein 
split-products, and not specifically a reaction to streptococcic toxins, 
as do Brody and Smith.- 

No attempt at clinico-pathologic correlation in cases of interstitial 
nephritis was made here beyond comparison of the presence and 
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severity of albuminuria and of the histologic lesion. No parallelism 
was found. The severest grades of interstitial nephritis were often 
accompanied by little or no albuminuria, and many 3+ and 4+ 
albuminurias occurred in the absence of the lesion. 

The bland thromboses of individual glomerular loops without 
necrosis or inflammation found in a few cases were of uncertain sig- 
nificance or duration. It was felt that they might represent a ter- 
minal process associated with stagnation of blood. The otherwise 
normal appearance of the thrombosed loop argued against an em- 
bolic or a septic thrombotic process, either one of which may be the 
mode of origin of actual focal embolic glomerulonephritis. The 
latter lesion Avas seen in a few cases in this series and was very 
different. 

The embolic interstitial lesion seen, septic and aseptic, differed in 
no way from those not associated witli an infectious disease. 

The occurrence of periarteritis nodosa after scarlet fever is men- 
tioned by Friedberg and Gross.^ 

Rather conspicuous by its absence in this series is suppurative 
pyelonephritis. Despite the presence of moderate numbers of white 
cells, along with albumin and casts in the urine, in many cases, 
especially of diphtheria, no suppurative lesion was found in the 
kidneys. It should be recognized that these urinary findings in the 
acute infectious diseases may be the result of toxic injury to the 
kidney and do not necessarily indicate suppuration of the urinary 
excretory tract. 

Summary. Acute diffuse glomerulonephritis is rare in cases of the 
common acute infectious diseases coming to autopsy. It was pres- 
ent only in 3.4% of scarlet fever and in no other disease. 

Tubular degeneration is the most frequent lesion in the kidney 
in all the acute infectious diseases. The more severe degenerative 
changes are most frequent in diphtheria. Hyaline droplet degenera- 
tion was present in 25%, epithelial necrosis in 16% of cases of 
diphtheria. 

Interstitial nephritis occurs most often in scarlet fever (77%). 
Interstitial nephritis and streptococcic hemolytic sepsis are parallel 
in scarlet fever and diphtheria but not in measles where streptococcic 
sepsis is three times as frequent as the nephritis. 

Pyelonephritis was not found in this series. 

Albuminuria was very frequent in all diseases. 

I am greatly indebted to Dr. Vera B. Dolgopoi, Pathologist of the Willard Parker 
Hospital, for assistance in the preparation of this report. 
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The porjihyrias may bo classified as congenital and acute jwrpliy- 
rias, and the acute porphyrias may he classified further as acute 
toxic porphyria and acute idiopathic j)orj)hyria.^‘'®-'- Excellent re- 
views of the subject have appeared during recent years’'®'''" *’ *'''* 
and it would seem that the number of patients wlio have acute 
porphyria is increasing comparatively rapiflly. This may well be 
accounted for by the fact that physicians are becoming better 
acquainted with this disease and arc more on the alert to recognize 
a case when it is presented to them. Up to 1930 fewer than 30 cases 
of congenital porphyria had appeared in the literature, about 100 
cases of acute toxic porphyria and 153 cases of acute idiopathic 
porphyria." '' Several additional cases of acute porphyria have 
been published recently®'"'®''®'"' but the number of cases of congeni- 
tal porphyrin in the literature has not been augmented. 

It has been pointed out frequently®''® that the acute toxic forms 
and the acute idiopathic forms of porphyria are indistinguishable, 
either clinically or by laboratory methods. The acute toxic form 
of porphyria is recognized only on the basis of the presence of a 
toxic agent which apparently is an etiologic factor. Eldahb" claimed 
that there are other precipitating factors such as anxiety, exliaustion 
and infection. 

Acute porphyria®'*® of either type is characterized by gastro- 
intestinal disturbances and involvement of the central nervous 
system. There may or may not be fever. Commonly there is 
seA’ere abdominal pain Avhich may be generalized or which may be 
confined to the loAA'er part of the abdomen. There may be nausea, 
vomiting, constipation and ileus; in addition there may be mild 
jaundice. There is occasionally a diffuse or spotted pigmentation 
of the skin, but not of the mucosa, the nature of whieh is unknown. 
Involvement of the central nervous system is exhibited most fre- 
quently by an ascending (Landry) type of paralj^sis, and death is 
frequently due to bulbar immlvement rvith respiratory failure. 
There are frequently delirium and hallucinations. Photosensitivity 
occurs rarel}' in acute porphjT-ia. Pathologic changes in the central 
nervous sj^stem at necropsj* have been reviewed extensively.® 

* Abridged portion of thesis submitted by’Dr. Nesbitt to the Faculty of the Grad- 
uate School of the University of Minnesota in partial fulfillment of the requirements 
for the degree of Ph.D. in Medicine. 
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Schulte studied patients who had acute toxic porphyria and ex- 
pressed the belief that the disease is due to the action of the toxic 
agent. His work and the work of others convinced Mason and 
associates that the toxic agent, usually a barbiturate, in some man- 
ner produces the disease and that a constitutional liability need not 
necessarily be assumed in every instance, it being reasonable to 
assume that acute toxic and acute idiopathic porphyrias are caused 
by some endogenous or exogenous intoxication which affects certain 
persons who may ha^•e an idiosyncrasj' to certain drugs. It might 
lie assumed, of course, that there is always some toxic agent involved 
as an etiologic factor but that in cases of acute idiopathic porphj'xia 
the toxic agent remains unrecognized. Support for such an assump- 
tion might be interpreted from a report b}' Weiss^® of 2 patients in 
whom acute idiopathic porphyria developed, 1 of the patients hav- 
ing replaced the initial patient in the capacity of cook in a particular 
restaurant. 

Gunther,® who first described the porphyrias, expressed the opin- 
ion that the disease in all instances represents a constitutional 
anomaly of pigment metabolism. Subsequent work, especially 
those case reports which indicate that the porphyrias are a familial 
disease, has done much to confirm Gunther’s original idea. Families 
have been observed in which more than one member was afflicted 
with the manifestations which are considered to be characteristic 
of acute porphyria; in a few instances one member of the family 
suffered from acute porphyria while another member of the same 
family suffered from congenital porph 3 Tia.*® Barker and Estes® 
earlj'^ reported a ver^'- remarkable instance in which two sisters died 
of acute idiopathic porphjTia while a third sister, the mother and 
maternal grandmother presented histories of abdominal colic, ac- 
companied by constipation, vomiting and the voiding of very dark 
urine. Waldenstrom^® described many such families in which often 
both the acute toxic and the acute idiopathic forms may occur in 
the, same family, and he claimed that the disease is inherited and 
transmitted as a dominant Mendelian characteristic. Turner 
demonstrated that the error in metabolism is not limited to the 
periods of acute symptoms in these patients, but that they may 
excrete uroporphyrin and its metal complex between such episodes. 
In acute toxic porphyria a definite precipitating factor is apparent 
to explain the acute episodes, but the cause of such episodes in 
acute idiopathic porphyria remains obscure. 

The diagnosis of acute porphyria of either type depends on an 
evaluation of the clinical picture and must be confirmed by an 
examination of the urine. At one time it was believed that the 
demonstration of uroporphyrin in the urine of such patients was 
necessary to establish the diagnosis,^®® but several cases of porphyria 
have been reported in which uroporphyrin was not excreted in the 
urine^’”’*® but other characteristic pigments were present. Usually 
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patients Avho have acute ])orphyrin excrete uroporphyrins III and I 
in the urine vitli a great prcdoininancc of the Type III isomer, 
Uroporpliyrin has not been <!enionst rated in the feces of such 
patients, Aviiicii usually contain only a small amount of coproporphy- 
rin III. It has been shown recently that uroi)orphyrin may be 
excreted as a metal comjdex* *' and between the acute episodes the 
fraction of uroi)orphyrin which is present as a metal complex may 
be increased. Usually only a relatively small amount of copro- 
porphyrin III is ])rescnt in the urine.” Waldenstrom,’'* and Walden- 
strom and Vahlquist described in the urine of such patients the 
presence of a “porjdmbilinogen’' which on standing or on addii\g 
acid and boiling is converted into uroporj)hyrin III and a very little 
amount of uroporphyrin 1. It is becoming more and more evident 
that other pigments are involved in this metabolic disorder. Pig- 
ments other than porphyrins may account for most or all of the 
dark color of the urine of thc.se j)aticnt.s. Turner cx^pressed the 
opinion that urofuscin accounted for most of the color in the urine 
of such a patient which he investigated. Waldenstrom and Vahl- 
quist expressed the belief that pigments made up of several united 
pyrrol nuclei may be present in such urine while other workers elaim 
that urofuscin, skatcl red or urobilin may constitute most of the 
color of tlie urine. 

Case Reports. C.ase 1 .—The p-atient, a 34-year-oId American-born man, 
employed as a clerk, always had enjoyed excellent licalth and never had 
obserA'ed anything unusual about the color of bis urine. Seven months 
before coming to the Mayo Clinic he had bad a carious impacted third 
molar tooth removed. An infection occurred in the tooth socket which 
was sufficiently severe to warrant hospitalization and he was given sulfanil- 
amide. During the first 36 liours 100 gr. (6.5 gm.) of sulfanilamide was 
administered, but then the drug was discontinued because of the onset of 
severe, generalized abdominal pain, cramps and ileus, and it was_ obser^'cd 
that the patient’s urine was the color of grape juice although it did not 
contain blood. The abdominal pain and red urine persisted and 10 daj's 
later the onset of generalized paresthesia, consisting of a burning, scalding 
sensation, was noted over the face and body. Six vreeks later the patient's 
gait became shuffling until he could not walk because of the gradual onset 
of paralysis of his legs and then of his arms. He became incontinent of 
urine and feces and an indwelling catheter was used. During this time 
he acquired a chronic urinary infection. For 6 or 8 weeks he experienced 
transient episodes of delirium and hallucinations and during much of- this 
time he had to be fed through a tube. Three months before coming to 
the clinic he first noted some return of function in that he could move his 
toes, and within 2 months he could shuffle along unaided. Gradually his 
sphincteral control of urine and feces returned. Frequently throughout 
this period his urine would be dark red for several da 3 'S at a time. He had 
lost 50 pounds (22.7 kg.) during the illness. 

The patient’s family history was interesting in that his mother had died 
during an illness similar to that of the patient. She had suffered from 
severe abdominal cramps and paratysis and had voided very dark red urin^ 

Phj'sical examination revealed an emaciated, gaunt young man who had 
great difficulty in progressing bj' means of a shuffling gait. The blood 
nressure was 120 rnm. of mercury systolic and 80 diastolic. The pulse 
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rate was 104 and the temperature by mouth 98.6° F. There were marked 
and sjTnmetrical \yeakness of the lower extremities which was graded —3 
to —4 (on the basis of 1 to 4) and sjonmetrical weakness of the shoulder 
girdle and upper extremities which was graded —2 to —3. There were also 
marked atrophy and loss of muscle tone over these distributions. The 
biceps, triceps and patellar reflexes were absent bilaterally. The Achilles 
reflexes were present and about equal. No Babinski or Hoffman reflex was 
present. There were no sensory changes apart from hyperesthesia which 
was present over both the upper and lower extremities. It was noted that 
the paralysis was more nearly a radicular type than a peripheral paralj’-sis 
and that from the history of delirium and of loss of sphincteral control 
there must have been involvement of the cerebrum and spinal cord. 

Laboratory Studies. The concentration of hemoglobin was 14 gm. per 
100 cc. of blood; the erj^throcytes numbered 5,200,000_ and the leukocytes 
7500 per c.mm. of blood. The percentages of the various types of leuko- 
cytes were as follows; lymphocytes 30.4, monocytes 1.5, neutrophils 65, 
eosinophils 2, and basophils 1. There were hyaline casts grade 2 in the 
urine and pjuiria was graded 2 (on a basis of 1 to 4 in which 1 indicates 
the least and 4 the greatest concentration). Culture revealed Escherichia 
coli. Excretion of sulphonephthalein was 25%. The flocculation reaction 
for sj^jhilis was negative. The concentration of urea was 48 mg. per 100 cc. 
of blood, the concentration of bilirubin was 1 mg. per 100 cc. of serum with 
an indirect van den Bergh reaction and the sedimentation rate was 8 mm. 
per hour. Liver function test (bromsulphalein) did not show dye retention. 
Roentgenographic examination of the chest gave negative results. 

The amount of coproporphyrin excreted in the urine of this patient was 
determined each day both in the fresh specimen and in the urine after it had 
remained exposed to the air and sunlight for several hours. The fresh 
urine was brownish red but became a little darker on standing. These 
results are represented in Table _ 1. From the pooled urine collections 
0.64 mg. of uroporphyrin III was isolated and identified, the melting point 
of the methyl ester being 260° C. An amount of uroporphyrin I (too small 
to weigh) was isolated, the melting point of its methyl ester being 301° C. 

Table 1. — Excretion of Ether-soluble Porphyrin in the Urine (Case 1). 



Volume 
of urine, 

Coproporphyrin. miorograms 
per 100 cc. in 2i-hr. specimen. 

Fresh After 

Nicotinic 
acid, 
mg. per 

Day'. 

cc. 

urine. 

standing. 

day. 

1 . ' 

. 1425 

952 

1454 

0 

2 

, 1065 

614 

964 

0 

3 

685 

345 

543 

0 

4 

. 1095 

552 

867 

0 

5 

. 1205 

716 

1125 

100 

6 

660 

196 

307 

150 

7 

680 

428 

672 

300 

S 

. 1095 

283 

445 

300’ 

10 months later . 

. 1800 

0 

299 

0 


A small amount (too_ little to weigh) of _ coproporphyrin III was isolated, 
the melting point of its methyl ester being 143° C.; no coproporphyrin I 
was isolated from the urine. It was demonstrated that the zinc metal 
complex of uroporphyrin was present in this urine. The native urine 
exhibited the two typical absorption bands of the metal complex at 577 
and 541 millimicrons. On the addition of a few drops of concentrated 
hydrochloric acid to the urine in the cuvette these bands promptly disap- 
peared and were replaced by the bands of uroporphyrin. On long standing, 
deep bro%vn crystals in beautiful rosettes separated from the urine from 
which porphyrins had been removed. These crystals did not melt up To 
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300 C. and they were insoluble in the usual organic solvents, including 
ether, acetone, chloroform, carbon tctraciiloride, methyl alcohol, amyl 
alcohol and 25% hydrochloric acid. The nature of this substance is as yet 
to be determined. 

Case 2.* — The patient, a 33-year-old housewife, had been underweight 
and chronically fatigued. There was nothing to suggest porphyria in other 
members of the family. During the past 3 years she had experienced 9 epi- 
sodes characterized by cramping pains in the right lower part of the abdo- 
men and in the midabdoinen, often so severe that morphine did not relieve 
them. There was usually some epigastric distress, nausea and vomiting 
with these attacks, which lasted from a few days to several wrecks. During 
these episodes the patient usually became depressed mentally, expressed a 
feeling of impending death, and would become so irrational as to suggest 
the possibilit 3 ’' of encephalitis. On several of these occasions it was oh- 
senmd that her urine w'as strikingly dark and red like port wine. 

One month after the most recent episode, at the patient’s urgent request, 
operation w'as performed. At this time the physical examination gave 
essentially negative results. The urine was straw'-colored and did not show' 
any abnormalities with the usual tests. The erythrocjdes numbered 
4,050,000 per c.mm. of blood and the leukocytes 8200. The concentration 
of hemoglobin was 12 gm. per 100 cc. of blood. The percentages of the 
various types of leukocytes w'ere as follows: neutrophils 60, Ijmphocyies 
36, mononuclears 2 and eosinophils 2. Operation consisted of removal of 
a right ovarian cyst the size of an olive, appendectomy and uterine sus- 
pension. 

Four days after operation the patient began to menstruate and com- 
plained of severe pains in the low'er part of her abdomen w'hich did not 
abate in severity following cessation of the menstrual flow. Her tempera- 
ture rose to 102° F. The abdominal pains became more severe and the 
patient became apathetic and felt that she w'as going to die; it was obsen'ed 
that her urine had become dark red. She became increasingly confused 
mentally and complained of a tight, choking sensation in her throat. She 
also complained that her tongue felt thick and her speech was not clear. 
She experienced respiratorj^ distress and an inability to get air into the lungs 
although there w'as no e^^dence of pulmonary edema. Her respirations 
became labored and shallow' and she expired on the seventeenth postoperative 
day, apparently from bulbar paralysis, despite supportive measures w'hich 
included the use of oxygen. 

A 400-cc. specimen of this patient’s urinef w'as received for examination. 
The urine was very dark red brown. It w'as found to contain 1.057 micro- 
grams of ether-soluble porphyrin per cc. of urine. It was further demon- 
strated by means of the method which has been described recently by 
Watson'® that coproporphjTin III comprised 88% of this porphyrin, the 
remainder being coproporphjTin I. From this single specimen of urine 
0.621 mg. of uroporphyrin III was isolated as the methyl ester, melting 
point 270° C. A small amount (too little to weigh) of uroporphyrin I was 
isolated, the melting point of the methyl ester being 301 ° C. Spectroscopic 
examination of the native urine revealed that the uroporphyrin was present 
as the zinc metal complex. 

Case 3,— The patient, a 5l-year-old American-born housewife, com- 
plained of repeated attacks of dysphagia, abdominal bloating and profound 
weakness, during which periods her urine had been observed to be extremely 


* Dr. C. J. Watson, of the University of Minnesota, also has investigated this 
:ase including a study of feces and urine as well as blood, kidneys and liver obtained 

it necropsy. , . 1., 

f We are indebted to Dr. C. E. Lynn of Dubuque, Iowa, for having furnished us 
e’-account of this patient’s illness as well as having furnished us with the Urine 
imen for examination. - 
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dark red. The family history was not remarkable and the patient’s past 
history presented only the story of a chronic duodenal ulcer. Two years 
previously on two occasions she had observed that her urine suddenly became 
very dark red and stayed so for approximately 10 days, during which time she 
complained only of some fatigue and weakness and noticed that her skin 
appeared to become a little yellow. During the year before coming to the 
clinic she had experienced approximately 8 episodes lasting from 2 or 
3 days to several weeks which were initiated and characterized throughout 
by the very dark red color of her urine. During these periods she com- 
plained principally of dysphagia, and that cold and solid foods seemed to 
stick beneath the sternum before entering the stomach. She also experi- 
enced profound weakness, abdominal bloating, and dyspnea on exertion, 
and her skin appeared to become somewhat yellow. At such times she 
always had been found to be anemic, and on several occasions had required 
repeated blood transfusions. During several of these attacks she had exhib- 
ited psychotic manifestations which suggested a paranoid trend. 

On examination she was somewhat undernourished and pale and there 
was questionable jaundice. Otherwise there were no findings of note. 
Special examination of the central nervous system was carried out but with 
negative results. 

Laboratory Studies. The concentration of hemoglobin was 10.1 gm. per 
100 cc. of blood; the erythrocytes numbered 2,970,000 per c.mm. of blood 
and the leukocytes 10,500. A blood smear revealed a macrocytic type of 
anemia. The routine flocculation tests for syphilis gave negative results. 
The urine was acid in reaction and its specific gravity was 1.019. Albu- 
minuria was graded +3 (sulphosalicylic method). Pyuria and erythro- 
cyturia were each graded 1 (on a basis of 1 to 4) and granular casts were 
graded 4. The basal metabolic rate was -f-2%. The percentages of the 
various types of leukocytes were as follows: lymphocytes 39.5, monocytes 
3,5, neutrophilic leukocytes 56, eosinophils 0.5, and basophils 0.5, There 
were 256,000 platelets per c.mm. of blood. The Donath-Landsteiner reac- 
tion for autohemolysins was negative. Erythrocyte fragility was within 
the normal range and the time for clot retraction was normal. The con- 
centration of urea ranged from 20 to 82 mg, per 100 cc. of blood, the con- 
centration of creatine was 1.5 mg. per 100 cc. of blood and the concentra- 
tion of sulphates was 8.8 mg. per 100 cc. of serum. The concentration of 
bilirubin was 1.8 mg. per 100 cc. of serum and the van den Bergh reaction 
was indirect. The concentration of proteins was 6.3 gm. per 100 cc. of 
serum with an albumin-globulin ratio of 3.5/1. A fasting concentration 
of sugar was 94 mg. per 100 cc. of blood, A catheterized specimen of urine 
showed no growth of organisms. Repeated spectroscopic examination of 
the urine revealed the presence of porph5Tin which was not identified 
further and also of oxyhemoglobin. Roentgenographic examinations of 
the chest, esophagus, colon and terminal portion of the ileum gave negative 
results. Evidence of a duodenal ulcer was visualized. 

While in the hospital under observation the patient exhibited several 
episodes as previously described during which times her urine, othervdse 
normal in appearance, became very dark brovm or reddish-brown. It was 
believed that she had paroxysmal hemoglobinuria with nephritis and renal 
insufficiency. Considerable thought had been given to the possibility of 
porphyria. On her return to her home her condition remained much the 
same, the attacks becoming more frequent and more severe. Treatment 
consisted of Roentgen and radium therapy over the splenic area and mocca- 
sin venom, as well as iron by mouthy and injection of liver extract. 

Eighteen months after her first xdsit the patient again returned to the 
clinic where she remained under observation for a period of 1 month. She 
continued to have attacks just as before, although she now complained of 
considerable pain in the epigastrium and left upper quadrant during the 
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attacks. During the times between these episodes she felt perfectly well 
except for some weakness after each attack. The results of physical exami- 
nation and laboratory findings were essentially the same as at the time of 
her initial visit. Cold tests by means of immersing the patient’s limbs in 
cold water at 10° to 12° C. for a period of 1 hour failed to precipitate an 
attack or to produce hemolj’sis. The amount of ether-soluble porphjTin 
excreted daily in the urine and feces was vdthin normal limits, ranging from 
19 to 41 micrograms and 193 to 458 micrograms respectively. Spectro- 
scopic examination of the blood showed the absorption bands which are 
characteristic of oxjdiemoglobin. The concentration of bilirubin ranged 
from 1.6 to 2.4 mg. per 100 cc. of serum with an indirect reaction. A liver 
function test (bromsulphalein) showed no dye retention. The concentra- 
tion of protein was 7.5 gm. per 100 cc. of senim with an albumin-globulin 
ratio of 1.1/1. 

^ter leavdng_ the clinic the patient’s condition remained much the same, 
being characterized by frequent episodes of dysphagia, weakness, dyspnea, 
severe abdominal pains and mental depression, and during such times her 
urine was extremely dark red or brown. She expired 5 years after her first 
vdsit to the clinic and her local physician has given us an account of the 
terminal event and submitted necropsy material for our examination. The 
patient had cystitis and complained of constant nausea and vomiting and 
distress in the lower part of the abdomen. She was deeply jaundiced and 
the stools were claj'-colored. The liver was palpable and there was con- 
siderable tenderness in the right upper quadrant of the abdomen. There 
was severe achromic anemia, the hemoglobin being 35%. She died rather 
suddenly, apparently from what was believed to be an acute cardiorespira- 
tory collapse. The impression was that the patient had died of acute 
hepatic degeneration of unknown cause. 

Necropsy* The lungs were described as being bronzed in appearance. 
The serum draining from clotted blood contained within the heart was of 
a bright, clear cherry color. The liver showed mild passive congestion; 
obstruction of the continuity of the bile passages could not be demonstrated. 
The spleen was increased in size and wms rather firm. The kidneys showed 
e%ddence of considerable chronic damage and the entire kidney substance 
was of a deep bronze color. 

Sections were prepared at the clinic for histologic examination t which 
included liver, spleen, bone marrow and kidney. There was much central 
necrosis of the fiver cells. In some regions the necrosis was_ accompanied 
by an increase in the number of neutrophfis. Many of the fiver cells con- 
tained an increased amount of brownish-yellow pljment. In the spleen 
there w’as active proliferation of reticular cells with occasional mitotic 
figures and large multinucleated cells. There was hyaline fibrinoid change 
in the reticular cells of some of the Malpighian bodies. The bone marrow 
appeared hyperplastic but it was difficult to determine which cells were 
involved in the hyperplasia. Normoblasts were numerous. There was 
pyelonephritis with beginning abscess formation. Unusual findings were 
peculiar red casts which filled many of the renal tubules and the large 
amount of iron which was present in the epithelial cells. 

Case 4. — The patient, a 20'year-old single, American-bqm woman, had 
enjoyed good health until 3 years before coming to the clinic when she had 
noticed some pruritus of the exposed portions of the bodv, includmg the 
face and hands, followed by a mild vesicular eruption. She continued to 
have this sort of difficulty periodically and had noticed that the onset of 
the dermatitis seemed to be related to exposure to sunlight. These attacks 

* We are indebted to Drs. W. H. Barrow and H. A. Ball, San Diego. Cdif., whs 
furnished the clinical account of the patient’s terminal illness and a d^cription of 
the necropsy which was performed, as well as the tissues which _we examined. 

t We are indebted to Dr. A. H. Baggenstoss for this histologic studj^ 
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increased in severity and on several occasions she had had severe bullous 
lesions over her face, hands and ankles. Seven months before coming to 
the clinic the patient had complained of severe abdominal pain, nausea and 
vomiting and at that time her appendix had been removed. During that 
period it is to be noted that she exhibited mild psychotic behavior. The 
abdominal pain returned soon after operation and persisted until she came 
to the clinic. This pain was so severe that it doubled her up, was of a 
cramp-like nature and was rather diffuse about the region of the umbilicus. 

Physical examination revealed much scarring with some pigmentation of 
the face, wrists and ankles, where the patient formerly had had her skin 
eruption. There was rather diffuse tenderness of the abdomen with no 
localizing features. 

The urine was observed to be reddish-brown and contained some granular 
casts and a few pus cells. The concentration of hemoglobin was 14.2 gm. 
per 100 cc, of blood; the erythrocytes numbered 4,710,000 and leukocytes 
8500 in each c,mm, of blood. The percentages of the various types of 
leukocytes were as follows: lymphocytes 32.5, monocytes 6.5, neutrophils 
56.5, eosinophils 3.5, and basophils 1. Examination of the blood smear 
showed nothing of sigm'ficance. Routine flocculation tests for syphilis gave 
negative results. The erythrocyte sedimentation rate was 43 mm. per 
hour. Culture of the urine showed no growth. The concentration of urea 
was 54 mg. per 100 cc. of blood and the concentration of chlorides was 
476 mg. per 100 cc. of plasma. The concentration of bilirubin was 1.8 mg. 
per 100 cc. of serum on admission and the van den Bergh reaction was 
direct. The concentration of proteins was 8 gm. per 100 cc. of serum witli 
an albumin-globulin ratio of 1.1/1. Roentgenographic examination of the 
chest gave negative results and a simple roentgenogram of the abdomen 
was negative. The urine was demonstrated to contain large amounts of 
coproporphyrin and uroporphyrin and it was demonstrated spectroscopi- 
cally that the uroporphyrin was present as the zinc metal complex. The 
blood serum contained sufficient porphyrin to fluoresce in ultraviolet Hght; 
at least some of the porphyrin was ether-soluble. Light tests for photo- 
sensitivity were carried out and it was found that the patient was sensitive 
to the far ultraviolet part of the spectrum but, more particularly, to the 
red portion of the spectrum, which produced large urticarial lesions with 
severe pruritus. 

The patient continued to complain of severe abdominal pain. She could 
not retain anything by mouth and vomited continually. The concentration 
of bilirubin became elevated to 19.8 mg. per 100 cc. of serum and the van 
den Bergh reaction was direct. The Quick prothrombin time became ele- 
vated from 23 seconds (normal, 20 seconds) to as high as 29 seconds. 

Treatment consisted of the intravenous administration of 5% glucose 
in physiologic saline solution to which was added thiamin chloride and 
nicotinic acid. Liver extract was also administered intramuscularly. A 
feeding formula was employed; the food was administered by duodenal 
tube. The patient gradually mproved. However, at the time of her dis- 
missal the concentration of bilirubin was 17.6 mg. per 100 cc. of serum and 
the van den Bergh reaction was direct. ^ Since she left the hospital her 
jaundice has cleared and she has complained only of considerable pruritus 
of the face. A detailed account of this case is to be published, including 
laboratory findings and tests for photosensitivity. 

Comment. Three cases of acute porphjTia (Cases 1, 2 and 4) 
have been described in which the diagnosis was confirmed by the 
demonstration of large quantities of uroporphyrin in the urine,"most 
of which was of isomeric series III, there being a small fraction only 
of uroporphyrin I. It w^as shown by spectroscopic examination 
that this occurred as the zinc metal complex. Another case has 
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been described (Case 3) which presented the usual clinical picture 
of acute porphyria but which was diagnosed as paroxj^smal hemo- 
globinuria on the basis of spectroscopic studies which demonstrated 
the presence of oxj’hemoglobin in both the urine and blood serum 
during crises. It is suggested that this case actually represents a 
case of acute porphyria, and that the absorption bands which were 
observed and believed to be those of oxjdiemoglobin were probably 
those bands of the zinc metal comple.v of uroporphyrin. The error 
might be explained easily since oxA’hemoglobin produces absorption 
bands at 5S5 to 567 millimicrons and 550.7 to 527 millimicrons with 
maximal absorption which corresponds almost precisely with the 
bands of uroporphyrin zinc metal complex at 577 and* 541 milli- 
microns respectively. The bands of the uroporphyrin zinc metal 
complex are distinguished only by the fact that, when a little con- 
centrated hydrochloric acid is added, the metal complex is broken 
up and the bands are replaced immediately by the bands of uro- 
porphyrin. Unfortunately no urine was procurable from this patient 
at the time of the present investigation which would have made, it 
possible to make the differentiation one way or the other. 

Case 1 is interesting because of the family history which would 
indicate that acute porphyria is just as much a familial disease as' 
is congenital porphyria and that the underlying mechanism is an 
inborn error of metabolism, as originally suggested by Gunther. 
This patient had taken sulfanilamide just antecedent to his illness, 
and it is possible that this may have acted as a precipitating toxic 
factor. His urine was shown to contain the zinc metal complex of 
uroporphyrin as well as unusually large quantities of coproporphjTin 
nearly a year after his acute illness and when he had shown con- 
siderable improvement. ^^Tiile under observation it could not be 
demonstrated that fairly large doses of nicotinic acid by mouth 
produced any effect upon the degree of porphyrin excretion. 

Case 2 presents a picture of the usual course of porphyria. There 
was no family history to suggest porph;\Tia in other members of 
this patient’s family and no toxic agent could be shown to be a 
possible precipitating factor. Patients who have acute idiopathic 
porphyria and patients w'ho have acute toxic porphjT-fa present the 
same clinical picture and the same laboratory findings and probably 
represent the same disease, the only difference being that in one 
instance it happens to be possible to point out a substance which 
may have been a precipitating factor. 

The description of Case 3 includes an interesting histologic study 
of tissues w’hich were obtained at necropsy. 

The fourth case represents the rather unusual condition of photo- 
sensitivity in the acute form of porphyria. 

These 4 cases of acute porphyria were observed during the past 
3 years. It would seem that the disease is not as -unusual as has 
formerly been supposed and that with a- more general knowledge of 
the subject more cases. will be detected. 
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Summary and Conclusions. Acute idiopathic porphyria and 
acute toxic porphyria probably represent the same condition and 
bbth should simply be included under the term acute porphyria 
which is a disease caused by an inborn error of porphyrin metabolism. 

The disease manifests itself clinically by any one or a combination 
of events which include a familial history; various types of gastro- 
intestinal disturbances and abdominal pain; red or dark reddish 
brown urine; involvement of the central nervous system, as evi- 
denced by psychotic manifestations or paralysis, usually of the 
ascending type; jaundice; renal damage; and rarely pigmentation 
of the skin or dermal photosensitivity. 

A discussion of the chemical aspects of the problem has been 
included and it is pointed out in what manner oxyhemoglobin and 
the zinc metal complex of uroporphyrin may be differentiated by 
spectroscopic means. 

Case reports are presented of 4 patients who had acute porphyria 
and who have been encountered during the past 3 years and it is 
suggested that this disease entity is not so rare as hitherto has been 
supposed. 
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PHOSPHORUS METABOLISM OF BLOOD OF PATIENTS WITH 
LEUKEMIA AND POLYCYTHEMIA.-^ 

By L. a. Erf, M.D., 

WILLIAM K. KENAN, JR., FELLOW. 

AND „ ' - . . . 

L. W. Tuttle, 

BERKELEY, CAUF. 

(From the Crocker Radiation Laboratory and Department of Medicine, University 

of California.) 

In a previous paper^ tye distribution of radio-phosphorus (P^-) 
following its oral administration was noted in the blood of 2 patients 
with myeloid leukemia; and a suggestion was made that the rapid 
* Aided by a grant from the National Ad\-isory Cancer Council. 
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uptake of phosphorus by the white blood cells during the hours 
immediately following the administration was probably concerned 
with the carbohydrate metabolism of the cells, while that retained 
days after administration was probably associated with the nucleo- 
protein metabolism of the cells. This paper presents the amount 
of radio-phospliorus retained at various intervals of time in the 
“phospholipid,” “acid-soluble,” and “nucleoprotein” fractions of 
circulating red blood cells, white blood cells and plasma of patients 
with leukemia and polycythemia who received either orally or 
intravenously “therapeutic,” and not “tracer,” doses of radio- 
phosphorus.''* 

Materials and Methods. All of the patients had been diagnosed and 
treated elsewhere by means other than radio-phosphorus manj' months 
before admission. The radio-phosphorus was produced by the Berkeley 
cyclotron.^^ The separation® and fractionation^ of tissues and cells have 
been described previouslj'. The techniques might be summarized as fol- 
lows: Cooled heparinized venous blood (the amount varjnng from 20 to 

00 cc.) was centrifuged, the blood elements separated and each recentrifuged 
in heparinized buffer solution exactlj' 20 minutes at 1450 times grawtj’ to 
insure constant volumes; and the “phospholipid” fractions were extracted 
by use of alcohol, ether and reflux condensers, the “acid-soluble” by ice 
cold 5 % trichloracetic acid, while the residue was considered the “nucleo- 
protein” fraction. The radioactivity assays were detennined by means of 
a DuBridge electrometer. The total phosphorus (P®‘) content of the 
various fractions was determined by the method of Pregl.® 

Results. The results are tabulated on the two accompanying 
tables. In Table 1 are listed the amounts of radio-phosphorus (P®-), 
as microcuries per cubic centimeter, or percentage of the dose ad- 
ministered per 100 cc. of packed red blood cells or packed white 
blood cells or plasma, retained in the various fractions 4 to 96 hours 
(21 days in one instance) after the administration of “therapeutic” 
doses of radio-phosphorus to 1 patient with lymphoid leukemia, 

1 with myeloid leukemia and 2 with polycythemia. As can be 
observed, the greatest quantities of P^- were retained in the “acid- 
soluble” fraction of the red blood cells, white blood cells and plasma 
of all of the patients. However, the quantities in this fraction 
apparently reached a peak between the 12th and 24th hours after 
administration and then decreased, as did those of the “phospho- 
lipid” and “nucleoprotein” fractions of the red blood cells, but the 
quantities in the latter 2 fractions of the white blood cells and 
plasma gradually increased to the 96th hour, as can be observed. 
In 1 patient (Wer) equal amounts of radio-phosphorus were admin- 
istered orallj’’ and intravenously and as is illustrated, much greater 
quantities were retained in all the fractions when P^^ was given by 
the latter route. 

In Table 2 are listed the average total phosphorus (P‘) content 
of the fractions of red blood cells, white blood cells and plasma of 
the 2 patients with leukemia. One finding of signifiwhce is that 



Tabi/E 1. — Eetention of Radio-phosphorxjs in Various Fractions of the Circulating Blood of Patients With Leukemia 

AND Polycythemia.* 
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there is much more phospliorus in the nucleoprotein fraction of 
lymphoid than myeloid leukemic cells. This is probably due to the 
relatively greater volumes of the nuclei of these particular lymphoid 
cells.^ Another finding is, that there is very little phosphorus present 
in the “nucleoprotein” fraction of plasma. 

Table 2. — Average (Four Determinations tor Each Figure Represented) 
Total Phosphorus (Mo. or P^ per Cc.) Content of the Fractions 
OF THE Blood of 2 Patients With Leukeiha. 



Ab 

Kli 


(lymphoid 

Icukcmm). 

(myeloid 

leukemia). 

Kcd blood cells: 

Phospholipid 

71 

.11 

Acid soluble 

51 

.37 

Nucleoprotein 

25 

.11 

■White blood cells: 

. 


Phospholipid 

52 

.43 

Acid soluble 

94 

.56 

Nucleoprotein 

3.04 

.89 

Plasma: 

Phospholipid 

04 


Acid soluble . . . ' . 

OS 


Nucleoprotein 

003 



There is no evidence that cells can distinguish radio-phosphorus 
(atomic weight of .32) from non-radioactive phosphorus (atomic 
weight of 31). 

Discussion. At the beginning of the study it was hoped that a 
comparison of the findings between similar cells of the patients, 
particularly the white blood cells in the three tj^pes of disease, 
would be possible if corrections for body weight and dosage of P^- 
and B-ere made. The findings of one case (Wer) who had received 
the same quantity of P^- bj' different routes indicated that the factor 
of route administration v’ould have to be considered also. How- 
ever, before such comparisons could be possible, among other fac- 
tors, the metabolic rate and the total volume of the circulating blood 
elements studied would have to be known. Therefore comparisons 
of findings betw-een the patients reported here are impossible. 

Summary. 1. Therapeutic doses of radio-phosphorus (P®-) vere 
administered to 1 patient with l^pnphoid leukemia, 1 with myeloid 
leukemia and 2 with polycythemia. 

2. The largest portions B^ere retained in the “acid-soluble” frac- 
tions of red blood cells, B^hite blood cells and plasma of patients 
Buth leukemia and polycythemia 4 to 96 hours after the administra- 
tion. The peak of retention occurred 12 to 24 hours after admini.s- 
tration. 

3. In the red blood cells, the level of retention of P®' in the 
“nucleoprotein” fraction reached a peak before the 48th hour and 
then declined, B'hile that of the "phospholipid” fraction increased 
constantly, at least until 21 days after administration. In the white 
blood cells, the levels of retention in both the "phospholipid” and 
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“iiiicleoprotein” fractions constantly increased during the period of 
96 hours but not for 21 days. In the plasma, the “phospholipid” 
levels of retention increased and the “ nucleoprotein” levels decreased 
during the same period in general. 

4. The concentration of in the various fractions reached higher 
levels following its intravenous than its oral administration. 

5. Comparison between the findings in the three types of disease 
was not possible because of the undetermined effect of such factors 
as route of administration, metabolic rate and total blood volume. 

6. These findings indicate that, of a quantity of phosphorus 
ingested by humans, various amounts are absorbed and excreted by 
the circulating red blood cells, and that the peak of exchange occurs 
between 1 2 and 24 hours after consumption . A similar exchange takes 
place in the circulating white blood cells, which, however, retain 
phosphorus in the “phospholipid” and “nucleoprotein” fractions for 
much longer periods and in greater quantities than the surrounding 
red blood cells. The plasma also has a specific rate of phosphorus 
exchange. The characteristic trends of exchange of phosphorus in 
various fractions of the red blood cells, white blood cells and plasma 
are similar in the 4 patients in spite of the different disease processes 
involved. 
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MAY THE DISEASE COMPLEX THAT INCLUDES IVIEGA-ESOPHA- 
GUS (CARDIOSPASM), MEGACOLON AND MEGA-URETER 
BE CAUSED BY CHRONIC VITAMIN B, DEFICIENCY? 

By Eduardo Etzel, M.D., 

FELLOW OF THE JOHN SIMON GUGGENHEIM MEMORIAL FOUNDATION IN THE UNIVERSITY 
OF MICHIGAN, DEPARTMENT OF SURGERY, SECTION OF THORACIC SURGERY, 

ANN ARBOR, MICH. 

(From the Department of Pathological Anatomy of the Medical School of the 
University of Sao Paulo; the Clemente Ferreira Tuberculosis Institute, 

Sao Paulo, and the Santa Casa Hospital, Sao Paulo, Brazil.) 

Mega-esophagus (so-called cardiospasm) and megacolon are 
very common conditions in certain parts of Brazil and have been 
studied there from various angles for many years. The knowledge 
thus gained concerning them has enabled us to form concepts on 
the subject which are practically unknown elsewhere. 

We have strong evidence that mega-esophagus, megacolon, 
pyloric achalasia (pylorospasm), mega-ureter, alterations in gastric 
chemistry and electrocardiogram with associated polyneuritis and 
low metabolic rate, are probably varied manifestations of a degener- 
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ative disease of the autonomic intramural nersmus system caused 
by a chronic deficiency of vitamin Bj. A study of the diet of the 
patients revealed considerable evidence in favor of this concept of 
the disease. 

Our personal clinical experience is based upon a study of 170 
cases and our pathologic studies upon 16 autopsies. The studies 
of the geographic distribution of the disease is based on 626 cases, 
549 of them on record at the Santa Casa de Sao Paulo during the 
last 18 years. 

For purpose of clarity let us consider first the evidence in favor 
of a single fundamental pathogenesis, and, second, the evidence 
which points to a chronic Bj deficiency as the etiologic factor. 



Fig. 1. — Case 1. Enormous megacolon, mega-esophagus of small dimensions and 
ureters with evident stasis. 


Clinical evidence has progressively been accumulated in the 
literature tending to demonstrate that mega-esophagus and mega- 
colon are related manifestations, possiblj'- of common etioIogj% and 
permits expansion of this concept to include other associated morbid 
findings (Figs. 1, 2, 3). 

Neiva and Penna*^ called attention to the association in the same 
individual of mega-esophagus and megacolon. Hurst®-“ attributed 
to mega-esophagus and megacolon a common pathogenesis, namely, 
achalasia of the respective sphincter. Correia Neto^“ found that 
mega-esophagus and megacolon are present concomitantly in 63% 
of 22 cases studied. 

Pylorospasm, or more correctly, achalasia of the pylorus, has 
been described in association with mega-esophagus and with 
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of tlie digesti\'e and urinary tracts considered anatomically and 
functionally is ^'ery striking since both possess smooth muscle, 
several involuntary sphincters, and are innervated by a comparable 
intramural autonomic nervous system. 

The presence of such sphincters in the digesti\'e tract is un- 
questioned(Aloj‘). Although there may be some argument con- 
cerning the exact location of alleged sphincters in some segments 
of the digestive and urinary tracts, there is no doubt of the existence 
of specialized function in these areas. The cardiac, pyloric, pelvi- 
rectal and internal anal sphincters in the digestive tract and the 
pyelo-uretheral, urethero-vesical and internal vesical in the urinary 
tract are all commonly accepted. Clinical and radiologic obser- 



Fig. 3. — Case of mega-esophagus (A) and left peh-ic dilatation (B) with excretorj" 

pyelography. 


vation brings out the fact that dysfunction in any areas with 
sphincteric function produces dilatation proximally. 

Hurst® suggest that the primary factor in the pathogenesis of 
mega-esophagus, megacolon and mega-ureter is achalasia of the 
sphincter, that is, absence of the sphincter relaxation which normally 
occurs on the arrii^al of the peristaltic wave. Simple absence of 
normal relaxation without anj"^ added spasm of the sphincter is 
sufficient to prevent the uninterrupted passage through the sphincter. 
This theorj’ is now accepted as demon.strated b}^ repeated con- 
firmations.®-'*'®’®''’^’-^’"'®® 

This sphincteric dysfunction establishes a functional obstruction 
resulting in stasis above it. There follows, of course, a compensatorj’’ 



etzel: chronic vitamin Bi deficiency 91 

cliange represented by increased peristalsis of the proximal segments 
going on to hypertrophy of the musculature. Thus the circular 
muscle of the esophagus, of the pylorus, and of the colon may 
become 3 to 4 times thicker than normal, the hypertrophy being 
required to overcome the sphincteric inertia. Notwithstanding this 
fact, the sphincter itself does not hypertrophy. This observation 
is based on the autopsied cases and is in accord with the theory of 
achalasia proposed. As these changes continue, a state of decom- 
pensation is reached when the hypertrophied musculature is no 
longer capable of overcoming the sphincter inertia. Then, the 
period of dilatation is initiated and with this, the symptoms usually 
make their appearance. The process culminates in atony and 
extreme degrees of dilatation. 

The intramural autonomic nervous system extends throughout 
the entire digestive and urinary tracts. In the digestive tract it 
is formed by Meissner’s plexus, in the submucosa and Auerbach’s 
plexus in between the circular and longitudinal muscular coats. 
The latter plexus is made of nerves and ganglion cells of two types; 
multipolar cells (T 3 q)e 1) and unipolar cells (Type 2 of Dogiel), 
The cells of Type 1 are motor in function and belong to the vagal 
and sacral autonomic system. The cells of Type 2 — according to 
Dogiel’s theory— should produce the peripheral reflexes of the 
intestinal wall.' 

The disposition of these cells in the alimentary tract is of great 
importance. The esophagus has cells of Type 1 onl 3 ^ In the 
stomach the cells of Type 2 are first seen near the pylorus. From 
there onward their number increases; in the jejunum they are 
abundant but the largest number is seen in the ileum, where the 
proportion compared with Type 1, is 50%. From the cecum on- 
wards, the disposition is changed; again the multipolar cells (Type 1) 
begin to predominate and in the rectum, as in the esophagus, only 
cells of Type 1 occur. The esophagus and the rectum thus have a 
similar autonomic innervation.^^"*®-^®'^®-^® 

An interesting point demonstrated in our autopsied cases is 
the relation between the sphincters of the digestive tract and the 
cellular components of Auerbach’s plexus. Directly above the 
sphincter there are many more cells than elsewhere in the alimentarj'^ 
tract. 

The intramural autonomic nervous sj’^stem of the ureter and 
bladder is made up of the same type of cells.®® 

I described the finer neuropathologic alterations of Auerbach’s 
plexus in mega-esophagus in 1934.®“ The methods used were 
those of Bielschowsk 3 ’'-Gross for the neurofibrillar apparatus and 
Nissl’s for the study of the nerve cells. The alterations of the cells 
were dislocation of the nucleus to the peripherj’-, central chroma- 
tolysis, micro-vacuolization and degeneration of the protoplasm. 
Bielschowsk 5 ’'-Gross’s method showed pyknosis of the nucleus. 
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expulsion of the nucleus, destruction of the neurofibrillar system 
and neuronophagia. The alteration of the axis-cylinder can be 
classified as cleavage, retraction balls of Cajal, argentophilia and 
thickening and fragmentation of the axis-cylinder (Figs. 4 and 5). 



Fig. 4. — Mega-esophagus, lower third of the esophagus. A, Cells of the plexus 
of Auerbach with central chromatols^is; B, cells of the plexus of Auerbach with 
vacuolization and degeneration of the cytoplasm. (Nissl’s stain.) 



Fig. 5. — Mega-esophagus, lower third of the esophagus. Retraction balls and 
cleavage of axis cylinder. (Bielschowsld-Gross's stain.) 


Investigating a case of advanced bilateral mega-ureter, I was un- 
able to even find the intramural nervous elements. These lesions 
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are tj’pically degenerative. In order to demonstrate that the.y 
are not secondary to the mere dilatation with consequent rupture 
of these elements, the cardia of dogs was partially occluded by 
ligature. This resulted in dilatation of the esophagus, but even 
after 4 months the plexus was found to be quite normal.®" 

We believe this degeneration is the result of a selective acting 
agent and thus is primary in type and not secondary to some 
factor influencing the entire involved organ. 



A B c D E F 

Fig. 6. — Electrocardiograms of 0 cases of; A-B-C, mega-esophagus; D-E, megacolon; 
F, mega-esophagus and megacolon. 


Faced by these facts, it seems but a naturally logical step to 
visualize all of these manifestations as being produced by the, 
same fundamental etiology, that is, the destruction of the intra- 
mural autonomic system. Further, the hearts of such patients 
also becomes injured. Neiva and Penna^^ called attention to the 
frequent complaint of palpitation in cases of mega-esophagus and 
megacolon. Sterling-^ and Villela^® described electrocardiographic 
alterations in cases of mega-esophagus but failed to correlate 
these with other morbid findings. 

Studying 24 unselected cases of mega-esophagus or megacolon 
or both conditions occurring concomitantly, we®'='®'' found electro- 
cardiographic alterations in 70.8% of the cases (Figs. 6 and 7). 
These patients were almost always younger than middle-age and. 
did not complain of cardiac symptoms. A slow pulse rate was'bf 
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frequent occurrence. Other investigations subsequently brought 
out confirniatory evidence of this primary report. Thus^ Hamos- 
studied our 24 cases mentioned, added 7 otlier cases, and made 
clinical observations showing that these alterations of the electro- 
cardiogram consist of disturbance of the conductive system; the 
electrocardiogram shows disturbances from the simple prolongation 
of the QRS complex to hundle-branch l)lock. Ramos concluded 
that the destruction of the autonomic nervous system of the heart 
could e.xplain the alterations of the electrocardiogram. Yasconcelo.s 
and Botelho^- in\'e.stigated the autonomic nervous system of the 
heart in cases of mega-esophagus liaving electrocardiographic 
changes and could not find even traces of this nervous .system. 
Ramos and Oria,-^ in the licarts of my autopsied cases of mega- 
esopliagus and megacolon, were able to demonstrate destnictive 



lesions in the autonomic intramural system in cases with typical 
electrocardiographic changes. 

Since the autonomic nervous system of the heart can be regarded 
as at least the equivalent of the plexus of Auerbach in the digestive 
tract and intramural plexus of the urinary tract, these changes can 
be visualized easily as being of the same nature. 

Vampre^‘ described the absence of the patellar reflex in patients 
liaving mega-esophagus. Tlie patellar and Achilles reflexes may be 
diminished or absent. In severe cases the disturbances in the 
reflexes are generalized. The interpretation of this disturbance is 
obscure. It is called polyneuritis because it has a certain resem- 
blance to the symptoms of classical polyneuritis. However, it js 
only by routine examination that this disturbance of the reflex is 
found, since it is rarely a source of symptoms. 
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Gastric chemical studies were made in 15 cases®'" (9 mega- 
esophagus, and 6 megacolon). We found hypochlorhj^dria in 9 cases 
and achlorhydria in 2 cases. The Katch-caffein test was used in the 
determination of free hydrochloric acid; the histamine test was 
used in the cases of achlorhydria. 

Correia Neto®'’ in a series of 22 cases of mega-esophagus and 
megacolon pointed out the presence of low metabolic rate in 40.7%. 

The morbid association of mega-esophagus and megacolon can 
hardlj^ be regarded as accidental. The autonomic ner^'e supply to 
all of these organs is so similar that it seems likely that a common 
factor is responsible for the functional disorder of them all. This 
led me (February, 1935)®'" '^ to regard mega-esophagus and megacolon 
as a manifestation of a diseased condition of the autonomic nervous 
system, the complete or partial destruction of which would result in 
the appearance of some or all of these associated disorders. This 
theor}’’ suggests that v^e are not dealing with several independent 
affections but with one that has varied manifestations. 

Analysis of Cases. Substantiating the p^e^dous discussion. Table 1 
illustrates the frequency with which these ^'^aried manifestations 
occur. This group of 29 cases were studied sj^stematically for 
the lesions listed. Although other manifestations of the disease 
were not routinely sought, mega-ureter was found in 5, achlorhydria 
in 2, hypochlorhydria in 1, low metabolic rate in 3, and achalasia 
of the pylorus in 2. 

Table 1.— The Relative Frequency op the Manifestations of the 

Disease in 29 Cases. 

Morbid asROPintions, 


Altera- 

tions 


Manifestations of 
the disease. 

No. 

of 

cases. %. 

Megn- 

e.Ropliagus. 

Mega- 

colon. 

.-Mteratious, 

EKG. 

periphera 

rcflexe.R. 

%. 

%. 

%. 

%. ' 

Mega-esophagus . 

23—78 

23—100.0 

13— 56.5 

13— 56.5 

9— 39.1 

Megacolon 

19—64 

13— 68,4 

19—100.0 

12— 63.1 

3— 15.7 

Alt. of EKG 

18—62 

13— 72.2 

- 12— 66.6 

IS— 100.0 

6— .33,3 

-Alt. of peripheral 
rcflexe.s 

9—31 

9—100.0 

3— .33.3 

< 

6— 66.6 

9—100.0 


The typical picture of the.se patients is exemplified in the 3 case 
reports. 

Case 1.-— J. S., aged 22, negro, Brazilian farm laborer, 6 months before 
we saw_ him, began to have constipation with 2 or 3 days between 
evacuations. This disturbance became progressively worse and after 
2 months the feces were expelled in hard fragments, the intervals between 
evacuations increasing.' He had not had a stool in the previous 15 da 3 ’^s. 
At the onset, he began to have difficulty in swallowing, as the food seemed 
to stop near the ensiform cartilage. In this same region pain occurred soon 
after eating. By taking water the food descended but at times the water 
was regurgitated, the food passing on to the stomach. 

Phjfsical examination showed the apex beat at the 4th intercostal space in 
the mammary line; a soft s.vstolic raunnur was heard throughout the 
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cardiac area. A tumor of great size was palpated in the central jwrtion of 
the abdomen and in the left. 

Radiologic examinations: Colon: mega-sigmoid (Fig, 1). Esophagus: 
mega-esophagus of small dimension. Heart: the cardia carea measured 
130 cm.,= an apliroxhnate increase of about 30%. The radiologic aspect is 

of a general cardia* ‘ Ureters: evident bilateral ureteral 

stasis (by e.xcretorj’’ ! ■; ;■ i'.: . 1). 

The electrocardiogram sliowed total A-V block; bundle-branch block 
(Fig. 7), The basal metabolism rate was —12%. The Wassennann blood 
test was negative. 

This case presented megacolon, mega-esophagus, ureteral stasis and 
total A-Y block with bundle-branch block. 

Case 2.— J. M., aged 26, white, Brazilian, farm laborer, had had dys- 
phagia for the past 4 years. At the onset there was a marked substemal 
burning sensation. Five months later dysphagia developed as a sensation 
of food stopping near the ensiform cartilage, which compelled him to fake 
water during meals. It became worse until the patient needed to drink 
more and more water in order to force food into the stomach. A j'ear ago 
he became much worse, drinking great quantities of water during meals, 
he experienced a sensation of the sudden passage of the food into his stomach. 
Five months ago he began to regurgitate food and water. There was 
constipation, the stools being hard and being passed appro.ximately once in 
3 days. 

Plij^sical examination revealed nothing of particular interest. 

Radiologic examination: Esophagus: mega-esophagus; colon: extreme 
elongation and dilatation of the sigmoid and rectum. 

The electrocardiogram showed slight right a-vis delation and slurring of 

QRS. 

This case presents ' ■ --'-colon m’th moderate s 3 mptoms 

of constipation. Tin ■ ;• .. • ; • ' owed only small alterations. 

Case 3.— L. B., ag ■, farm laborer, had constipation 

of 1 month’s duration. Prior to this there had been da 03 ’’ bowel movements 
and no sjmiptom of the digestive tract disturbance. At the time of patient’s 
admission to the hospital there had been no bowel movement for 2 weeks. 
During the preceding 2 weeks as manj' as 5 daj'S had passed without a 
bowel movement. Discomfort and vague abdominal pains were relieved bj' 
the passage of gas. Cathartics had little effect. The abdomen increased 
greatly in size and seemed to contain a hard tumor. 

Examination of the heart showed apex beat at the 3d intercostal space 
in the left parasternal line; soft sj'stolic murmur at the mitral area: accentu- 
ation of the aortic second sound ; extrasj'stoles. A hard tumor more palpable 
in the central and left portions of the abdomen. 

Radiologic examination showed an elongation and dilatation of the colon. 
The esophagus was nonnal. The cardiac area was normal. 

The electrocardiogram showed arborization block. Auricular extra- 
sj'stoles transmitted andi blocked, hfodal ventricular escape. The basal 
metabolism was —66%. The Wassermann blood test was negative. 

Case with megacolon, severe alterations in the electrocardiogram mth 
negative cardiac clinical findings and low basal metabolism. 

Considering the strong evidence in favor of a fundamental etiology 
for all of the varied manifestations correlated above, a statistical 
re^^ew of 626 cases was made®* in an effort to obtain a clue as to the 
nature of the etiologic agent. From the data collected, several ver}' 
important points became manifest. 

The ages of patients having an.v one of the above manifestations 
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of tlie disease ranged from 2 to 79 years (Chart 1). The greatest 
number, however, was between the ages of 15 and 25; the majority 
was admitted before the age of 40 (76.5%), 

In 229 of the 626 cases, the age and onset of symptoms were 
obtained (Chart 2). In 58% of these 229 patients the symptoms 
began before the age of 25 years and the majority was between 
15 and 25 years. Sex apparently had no influence in the age of the 
onset of symptoms; 89,2% of the patients were white, 79% were 
males. Farm-hand was the profession in 83% of the male com- 
ponents of this group. 



0 5 10 . 15 20 25 30 35 40 45 50 55 60 65 70 75 80 

AGE 


Chart 1. 


Thus, the disease occurs by preference in j'oung males from the 
rural sections. 

A more detailed study of the geographic distribution brought out 
the fact tliat the majority of the patients come from the rather 
poor central and northeastern parts of the State of Sao Paulo. 
There were no cases from the coastal region. Further, those 
patients who happened to come from a richer zone in the state 
were found to have been born in sections of the state or migrated 
from portions of the country which were poor. There were 58 
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foreigners included in this group; of these 28 were Italians, 26 of 
whom came from near ^"enice where dietary deficiency manifested 
notably as pellagra is very common. 

Thus, there is a strong suggestion that a dietary deficiency may 
be responsible for these manifestations. 

The dietary®'* ■' habits of the people from the zones of the state 
where the disease is most frequently found are very well known and 
quite unvarying. The diet consists of beans, polished rice, flour of 
manioc and crude cane sugar. Occasionally dried meat, eggs, pota- 
toes, vegetable and milk are added. Such a diet is deficient in 
vitamin Bj. 



o 5 10 15 20 25 30 35 40 45 50 55 60 65 70 

AGE 
Chart 2. 


Comparing beriberi and mega-esophagus with its related mani- 
festations, we®** find that the manifestations of the two disorders 
are similar. Japanese*® observers report lesions of the autonomic 
nervous sj'stem occurring in beriberi, as we ha\’e shown them to 
occur in mega-esophagus. Digestive disorders such as achlorhj-dria, 
vomiting and constipation, and cardiac and peripheral reflex 
disturbances are also common in beriberi. 

The literature dealing with the pathology of vitamin Bj deficiency 
indicates that it is frequent in poorly organized diets producing a 
latent or chronic state of insufficiency. Further correlation has been 
made between vitamin Bi deficiency and various morbid conditions 
such as changes in the plexus of Auerbach (jMcCarrison''®'®), 
pylorospasm (Brodie®), obstipation (hlontague,*® Yorhaus, Williams 
and Waterman^®). Further, it has been related to the total caloric 
intake more especially in predominantb' carbohydrate diet which 
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requires a greater supplj' of the vitamin Bi (CowgilP). A lowered 
metabolic rate (Vorhaus^=). and cardiovascular disturbances (Weiss 
and Wilkins^^) have also been correlated with its deficiency. The 
human diet, even when very restricted, is always varied to a certain 
extent. By varying the diet, the sources of vitamins are also varied. 
.Not having a constant deficiency of vitamin Bi, but a fluctuating 
deficiency, the morbid manifestations would be expected to vary 
accordingly in their degree of intensity. 

Thus, we see that the disease occurs predominant!}'- in young 
'males of the laboring classes coming from regions where, for economic 
reasons, the diets are relatively unvaried and largely composed 
of carbohydrates and deficient in vitamin Bi. Being young male 
laborers, their total caloric demands are high. Their diet aside 
from being relativel}" deficient in vitamin Bi, is largely made up of 
carbohydrates and thereby increases the demand for vitamin Bd 
(caloric-vitamin ratio of Cowgill). Those found in the more pros- 
perous regions had moved there from the areas where the disease 
was endemic after a considerable period of latent deficiency. 

The degeneration in the plexus of Auerbach is irreparable, and 
although some symptomatic improvement has been noted when 
treating these cases with vitamin Bi,**'-® we cannot claim actual 
regression. Conversel}^ those patients who develop symptoms 
in the presence of an adequate diet indicate that although further 
degeneration may ha^^e been prevented by the adequate intake of 
vitamin Bi, the earl}" changes of stasis or achalasia were present 
prior to migration, leading to hypertroph}' and finally decom- 
pensation of the musculature, thus becoming symptomatic. Al- 
though no definite data have accumulated concerning vitamin 
therapy, its use seems justifiable. 

Summary and Conclusions. The data presented tend to show 
that mega-esophagus (cardiospasm), megacolon, achalasia of the 
pylorus, mega-ureter and disturbances in the cardiac conduction 
system are but varied manifestations of the same disease. Achlor- 
hydria, low metabolic rate and polyneuritis (peripheral reflex 
changes) are thought to be in the same clinical picture, even though 
not as clearly so. 

Degeneration in the intramural autonomic nervous system is 
believed to be the anatomic basis for these manifestations, 

A clironic or intermittent deficiency of vitamin Bi is suggested 
as the etiologic agent responsible for the degeneration in the auto- 
nomic nervous s}'stem, thereby instituting a series of physiopatho- 
logic changes which culminate in the clinical picture described. 
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SPONTANEOUS BERIBERI OF THE MONKEY AS COMPARED 
WITH EXPERIMENTAL AVITAMINOSIS. 
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(From the Pasteur Institute of Morocco.) 

In 1940, many animals of the monkey colony {Macacus sylvamts) 
at the Pasteur Institute of Morocco showed evidence of a disease 
never previously observed in this 5-year-old colony. The disease, 
characterized clinically by an association of polyneuritis and cardiac 
weakening, and pathologically by cardiac and nervous lesions, was 
quite similar to human beriberi. A comparison of our sick animals 
witli monke;CS fed experimentally-deficient diets appeared convinc- 
ing enough to explain the disease on the basis of a partial vita- 
min Bi deficiency. Our results also provided a basis for general 
conclusions on the nature of beriberi. 

* Now Research Fellow, Departments of Anatomy and Radiology, University of 
Rochester School of Medicine and Dentistrj'- 
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I. Clinical and Pathologic Findings. Etiology. The time of 
the appearance and the seriousness of the disease were dependent 
in part on the age of the animals. The adolescents, monkej^s of 
about 3 years, were the first to be attacked (Nos. 1 to 6, Table 1). 
Younger animals, 1| to 2 years old, exhibited the disease about 
3 months after the first adolescent cases. All the adolescents and 
7 out of the 20 young were attacked. In the affected young and 
in most adolescents the disease progressed to a fatal termination 
unless properly treated. 

Of the 22 adults kept in the main room of the colonj^ with the 
adolescents, only 1 was ill, with mild chronic symptoms (No. 30). 
In this room, ventilation, light, temperature and cleanliness were 
quite satisfactory. Two other adults kept in a smaller room, less 
well lighted and not regularly supervised, also showed chronic 
symptoms of the disease (Nos. 31 and 32). 

Sex did not seem to influence the disease. The species might have 
played a role, since 2 Cercopitheci (JEthiops sabseus) in the same 
cage as the 2 sick adult macaques remained in perfect health. 

Symptoms, After an insidious beginning the disease evolved 
irregularly, showing alternate periods of improvement and aggrava- 
tion, generally ending in death within a few weeks to several months. 
The course of the disease could usually be divided into a prolonged 
phase characterized chiefly by neuromuscular disorders, followed 
by a terminal phase of acute dyspneic symptoms. 

The earliest disorder noted was the animahs inability to leave 
the ground when preparing to jump. Climbing became clumsy, 
the gait unsteady, and the reduced activity caused the animals to 
remain seated in the cage most of the day (Fig. 1, o). As the 
disease progressed, the resting animal assumed a characteristic sit- 
ting posture with the lower limbs bent up in front and the head 
resting on the knees. It raised itself with difficulty, while standing 
appeared painful and became gradually impossible. The attempts 
to walk showed first a limping with a frequent unilateral predomi- 
nance, that subsided while both sides became paralyzed and the 
animal could no longer keep its balance. A characteristic gait was 
observed in 2 cases, and suggested by manj^ others: the animal 
moved the loweT half of its body in one block, as if the lower limbs 
were fixed to the pelvis; when walking it would lean on the upper 
limbs to propel itself, using its arms as crutches. Muscular strength 
was much diminished, especially at the lower limbs. The animals 
had almost complete use of their upper limbs; some could even 
climb, hoisting themselves by their arms. In the 2 cases in which 
the evolution of the disease was experimentally accelerated (Nos. 9 
and 10, Table 3), the paralysis extended to all four limbs. There 
was also a case of left facial paralysis (No. 6). Yffien testing the 
muscular strength of the animals, it was noticed that they kept 
their lower limbs fle.xed, being unable to extend them. There 
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seemed therefore to exist some degree of muscular contracture. 
IMuscular atrophy was marked. It predominated in the lower 
limbs and the pelvis. The muscles of the trunk (Fig. 1, b) and of 
the arm were in\'olved too, although to a much less degree. How- 
ever, in spite of the intense atrophy, electrical stimulation of the 
muscles showed no reaction of degeneration. 


Table 1.— .Spo-vtaneous BEniBEni. 
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Disturbances of the reflexes were variable. The knee jerk, nor- 
mally pronounced in monkeys, sometimes appeared exaggerated at 
the beginning of the disease. In well-characterized cases, the reflex 
w'eakened gradually and finally disappeared. However, death 
would sometimes occur without complete abolition of the knee jerk 
(No. 6). The cutaneo-plantar reflex (Babinski sign) occuired in 
flexion as in normal animals.® Some degree of photophobia was 
found in 2 cases before death (Nos. 9 and 10). Disturbances of 
sensitivity were not well defined; there seemed to be some h^'po- 
esthesia of the lower limbs. Pain was apparently not present. 

In the youngest moakeys the disease was re'S'ealed by acute 
attacks of coniradures w’hich usually lasted several minutes or (in 
1 case) a few hours : the fingers were maintained fle.xed on the palms 
and the hands flexed on the forearms, with sometimes the aspect of 
WTist-drop. In only 1 case were there also painful cramps. Some- 
times these attacks of contracture complicated a more or less 
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marked paralj'^sis of the lower limbs (No. 13); sometimes they oe- 
curred in animals otherwise nearly normal (Nos. 14 and 15). 

Cardiac disturbances manifested themselves at the beginning by 
a slight dyspnea when at rest and by more and more violent 
attacks of dyspnea occurring as a result of strain or emotional 
stress. The face was cyanotic. In jmunger animals, the increase 
in the number and amplitude of respiratory movements determined 
a deformity of the thoracic cavity which little by little produced a 
marked anterior prominence. 



Fig. 1. — Above, two monkeys at the beginning of the disease, Nos. 4(a} and 5(6). 

Below, two monkeys at the terminal period. Nos. 6(c) and 9(d). 

The pulse slowed down gradually as the disease progressed. 
Instead of 250 pulsations a minute as in the normal animal, one 
found a gradual diminution to 180 and even to 150 or less. Auscul- 
tation of the heart revealed sounds less defined than normally, with 
sometimes extrasystoles in the terminal phase. Cardiac symptoms 
predominated in 2 young animals (Nos. 16 and 17) in which the par- 
alysis of the lower limbs was slight. The cardiac phenomena were 
much accentuated, especially the attacks of dyspnea that caused 
the death of 1 animal (No. 16). 

T/ie general condition of the animal became aggravated little bj' 
little. Besides miiscular atropluy, there was emaciation of the whole 
bod5^ The activity of the animal was restricted and the playful- 
ness of the animals disappeared. The appetite decreased. No fever 
was observed. 
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The transition to the terminal -period was progressive, but could 
be accelerated by emotional stress, sucli as occurred during clinical 
examination or any liandling that determined marked reactions of 
the monkey. The animal was then no longer able to sit up or to 
walk, but lay with the licad resting on the upper arms stretched in 
front of him (Fig. 1 , c and h) or hunched in a ball with the head 
resting on the lower limbs. Besides a more flaccid paralysis the 
animals sometimes showed sudden shuddering or quivering localized 
in certain muscular groups (No. 11, Table 1; also 9 and 10, Table 3). 
By that time, cardiac disturbances increased. Attacks of dyspnea 
were more frequent and violent. The immobile animal ate very 
little or not at all; sometimes it had diarrhea and in 1 case, vomiting. 
Finally death occurred as a result of cardiac failure or cachexia. 
This end-phase lasted about 10 days. 

Autopsy Findhigs. The nerves were examined in all but 3 cases 
by Marchi’s and Weigert’s methods (modifications of Nageotte and 
Spielmeyer). Characteristic Wallerian degeneration of the myelin 
sheath was found. TOhle some fibers appeared normal or showed 
only foamy degeneration of the myelin, the disintegration was usu- 
ally marked, extending frequently to the axone with a transforma- 
tion of the myelin into irregular fatty droplets. The lesions pre- 
dominated in the peripheral nerves, for instance the plantar nerve. 
In the main nerves, a comparison of the sciatic nerve as it emerged 
from the sacro-hunbar plexus with the ulnar nerve coming out of 
the brachial plexus showed a predominance of the lesions in the 
nerve of the lower limb. In monkey No. 6, with the facial paralysis, 
degeneration was found in the facial nerve on the stricken side. In 
ever}" case examined, the vagus nerve was markedly attacked. On 
the whole, the lesions greatly exceeded those reported in classical 
descriptions of acute polyneuritis of the pigeon (Bertrand et ah). 

There was no evidence of subcutaneous edema, but about 2 cc. of 
watery fluid was consistently present in the pericardial cavitj'. 
The heart was frequently hj-pertrophied. Three young animals 
dying of dyspnea presented an unusual deformity due to the expan- 
sion upward and forvmrd of the anterior thoracic walls, causing the 
lower ribs to impress deep grooves on the upper part of the li'S'cr 
and tlie liver itself to herniate through the substernal attachment 
of the diaphragm in the form of small pediculated e.xpansions about 
the size of a cherry. Frequently, pulmonary infarcts of various ages 
were found, probably as a consequence of right cardiac insufficiency . 

The digestive tract showed signs of general ato'ny, with abnormal 
distention of some segments of the small intestine and colon. Con- 
gestion was manifested by diffuse redness and ecchj-motic points 
along the digestive tract; which occasionally appeared as well- 
formed ulcerations, especially in the pyloric region of the stomach. 
Mesenteric Ijnnph nodes were greatly enlarged. Fatty degeneration 
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of the Ii^^er was frequent. The tliymus glands were completely 
atrophied. 

The genital activity slowed down. Histologic examination of the 
gonads showed no sperm formation in the adolescent males. All the 
females of the colony ceased menstruating and bearing young before 
the appearance of the first sj^mptoms of paralysis. 

Conclusions From Clinico-pathologic Observations. This incom- 
plete and seemingly painless paralysis, with decrease of tendon 
reflexes save for the Babinski sign, suggested the existence of a poly- 
neuritis. Since no symptom of intoxication or infection was found 
and the disease could not be transmitted by inoculations of blood oi’ 
nervous tissue, the polyneuritis was ascribed to a dietary deficiency, 
namely beriberi. This diagnosis was confirmed by the heart dis- 
turbances, and the autops}^ findings of hydropericardium and nerve 
degeneration. 

II. Study of the Diet. Before September, 1939, the monkeys 
were in good health while given a diet of acorns supplemented with 
small amounts of stale bread, carrots, cabbages and sometimes 
sunflower seeds. When the war started, fresh acorns could not be 
obtained. The animals were given stale acorns which had been 
stored for a year and were spoiled to the extent that the substance 
of some of them was transformed into pulverized material. In 
February, 1940, the supply of acorns was exhausted. From that 
time on, the monkeys were given: 1, noodles or semoule (white 
barley meal), cooked alone or with chick peas and broad beans, 
these two latter given semi-weekly or less often; most of the monkeys 
ate little of or refused this paste as they dislike cooked food; 2, a 
small quantity of either carrots, or turnips or cabbage leaves, and 
3, stale white bread ad libitum. Two months after this diet had 
been started, the first cases of beriberi appeared. 

In Table 2, a tentative estimate of the amount of thiamin ab- 
sorbed by the animals will be found. It could be only a rough 
estimation as the animals ate variable amounts of each item and 
there were variations in the diet according to the vegetables avail- 
able. Finally, the figures for bread were possibly too high, for in 
Casablanca it was thoroughly bleached. 

Table 2. 
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MOJJLOiVU, CJIAlJLUV-SKKVIMiiUK: 

Tjie requirement for thiamin was shown by Arnold in Eh'elijem’s 
laboratory'- to be about 75 to 100 ganuna of thiamin per 100 gai. 
of a low fat diet. This requirement was similar in all species studied, 
including man. In our monkeys’ diet there were onlv 46 gamma of 
thiamin per 100 gm, of food. 

I'rom this dietetic history it may be concluded: 1, that the 
disease was not a toxic polyneuritis due to the damaged acorns, as the 
first syinptoms were observed 2 months after the interruption of the 
acorn diet; and 2, that the diet was such as to produce a partial 
vitamin Bi deficiency. 

Comi)ctru'ir)n of ihc Ohs'ervafiom JViilt ihc Efferix of Experimental 
]{ Dcficicnrii. Because of the contrast imtwecn the numerous symp- 
toms in human beriberi and the j)aucity of signs in the experimental 
Bi deficiency observed in animals, there has been a general reluc- 
tance to hold the lack of thiamin as the only cause of beriberi.® 
Since the spontaneous beriberi of the monkey was polysymptomatic, 
as in humans, experiments were planned to determine whether an 
experimentally induced Bi deficiency would also bring forth a similar 
nervous and cardiac syndrome. In a monkey given a diet of un- 
washed polished rice, as reported by Shiga and Ivusama,'® Jiervous 
and cardiac disturbances were strikingly .similar to those of our 
cases of spontaneous beriberi.* On the contrary, in McCarrisoii’s 
e.xperiments, the monkeys died rapidly without outstanding symp- 
toms.® In this case, the rice used for the diet had been completely 
deprived of thiamin by a sojouni of 36 hours in the autoclave. 


Table 3. — Effect of B-dbpiciext Diet. 
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The diet given to our experimental monke.ys was practically 
devoid of thiamin, since prolonged washing of the rice was sho^m by 
Spruyt" to reduce its thiamin content from 0.5 to 0.02 gamma per 
gram. The results (Table 3) indicated that, contrary to the con- 
trols maintained in good health (Nos. 23 and 25), the deficient 
adult (No. 21) and young (No. 24) died in 33 and 40 days respec- 

* One case was also briefly reported by Sohaumann.* 



SPONTANEOUS BERIBERI OF THE I\IONKEY 


107 


tively with very few symptoms. Histologic examination of the 
nerves (No. 21) showed only a minute foamy degeneration of the 
myelin. Therefore, as in McCarrison’s cases, a complete thiamin 
deficiency had resulted in death before any prominent nervous or 
cardiac symptoms could appear, while the partial thiamin deficiency 
of the regular colony diet (and of Shiga and Kusama’s case) had 
produced a chronic beriberi with multiple signs. Recently, several 
reports indicated that more numerous clinical or histologic symptoms 
were also observed in rat,'^ pigeon’^''"* and dog,^- when the Bi defi- 
ciency is not complete. 

In the case of monkeys Nos. 9 and 10, they were the only adoles- 
cents of the colony that were not severely ill (Table 1) Avhen they 
were given the experimental diet.* The effects of the diet were 
unusually rapid, since after 6 days (No. 9) or 3 days (No. 10), a 
sudden and complete flaccid quadriplegia set in, with muscular 
twitching and photophobia, resulting in death within 3 or 4 days. 
This rapid outlmrst of paralytic symptoms implied that these 
adolescents had no store of vitamin Bi, due to the fact that while 
on the colony diet they had used up more of the vitamin than 
younger (No. 24) and older (No. 21) animals. This confirmed the 
greater susceptibility of the adolescents to beriberi, as indicated in 
the section on the etiology of the disease. This acute outburst of 
beriberi strikingly recalls the “fulminating beriberi’’ observed in 
humans.^^ 

In short, Bi deficiency is either (a) complete, resulting in rapid 
death with few or no previous specific sj^mptoms; {h) partial, result- 
ing in beriberi; (c) partial at first, and suddenly complete, resulting 
in beriberi fulminans. 

Therapeutic Assays. For the last 2 months (September and 
October, 1940) the monkeys of the colony, as well as 2 sick animals 
(Nos. 30 and 32) were given a handful of a thiamin-rich mixture 
of equal volumes of barley and wheat germ, in addition to their 
usual food. No new cases of beriberi have since appeared and the 
females began menstruating again. 

Cure of sick monkeys with pure thiaminf (5000 to 50,000 gammas 
daily) failed in 3 animals at the terminal period. The lesions were 
probably too far advanced and the emotion due to subcutaneous 

* The following diet was given ad Itbilum: Polished and washed rice, 87%; wet 
casein, 10%; salt mixture (McCollum’s), 3%; in addition, they received semi-weekly, 

5 cc. of cod-liver oil by pipette, and 35 mg. of ascorbic acid subcutaneously. Casein 
was prepared as follows; Milk powder was dissolved in 10 v. of water at about 
80° C., precipitated with CHsCOOH at the same temperature and rapidly filtered 
on a vacuum funnel. Twice the precipitate was eluted in cold water at about 4°, 
in a slightly acidic medium, and filtered. Then it was gi-adually dissolved in a 
solution of COaN.aH at 40°, which later was filtered Finally, a new precipitation 
was performed, the precipitate being again washed twice and most of the water 
being extracted by pressure. This diet was also partly deficient in B-complex factor, 
which fact was erroneously expected to facilitate the development of beriberi. 

t Bevitine Rhono-Poulcnc. 
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injections started acute attacks of dyspnea, sometimes producing 
tlie death of animals. Better results were obtained in 6 animals 
(Xos. 7, S, 13, 14, 17, 30) treated by dissolving 5000 gammas of 
thiamin in drinking pter daily. * The attacks of contracture com- 
pletely disappeared in Nos. 13 and 14, the former appearing quite 
normal. The adolescent female (No. 8) began menstruating. Par- 
alysis regressed in Nos. 7, S and 31, but it was not modified in 
No. 14. The animals, however, did not gain over or equal the 
weight previous^' lost. In short, a definite impro\'eraent was pro- 
duced by thiamin, and at any rate, there was no aggravation, since 
probably most of these animals would ha\-e been dead by this time 
(November 1) had thiamin not been given. But the improvement 
Avas slow and did not seem to be complete. 

The immediate cure of spastic phenomena was to be expected, 
as thiamin quickly suppressed opisthotonos and other spastic acci- 
dents in pigeons and other animals.^-~^^ The very slow rate of 
improvement of the paralysis was due to the intensity of ner^'e 
degeneration, since the length of treatment for paralysis in Bi defi- 
ciency was found to be proportional to the number of degenerated 
axones in the pigeon sciatic nerve.'*-’* CowgilP and Street ei al.^- 
had even observed cases of well-advanced paralyses which could not 
be cured at all. As for the inabilitA- of the animals to regain their 
preAUous weight when treated with thiamin, this suggested the pos- 
sibility of another food deficiency affecting the gronth, possibly a 
lack of riboflaA'in, although carrots and cabbage contain a fair 
amount of it, or, as suggested by CoAA'gillf a lack of Be, which might 
also account for some of the cardiac symptoms, as in cases described 
by Thomas et al.^^ 

Discussion. It is well known that, in loAA'er animals, a Bi-free diet 
produced few or none of the clinical s.Ainptoms and nerA-e lesions 
characteristic of beriberi.* In humans likcAAise, Williams et a/.'* did 
not obsetAm marked clinical symptoms on a diet A'ery low in thiamin. 
These findings were in agreement with the absence of clinical and 
pathologic disturbances in our experimental monkeys giA'en a diet 
AAdthout thiamin. 

On the other hand, a diet partially deficient in Bi, when giA-en to 
loAA'er animals, caused numerous clinical symptoms'*-'* and a marked 
nerve degeneration,'* both suggestiA*e of beriberi. In our cases of 
tj-pical beriberi in the monkey, the thiamin content of the diet was 
estimated to be about one-half the minimal requirement. 

On the basis of these obserA'ations, it seems reasonable to conclude 
that only when the deficiency of Bi is partial does one obtain tlie 
cliniqal and pathologic picture considered as characteristic of beriberi. 

* Five grams of glucose were added as suggested by Tonutti and Walraff.** The 
increased thiamin requirement due to this amount of glucose vras negligible in view 
of the quantity of thiamin given daily. 

f Private communication. 
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Conclusions. 1. Twenty cases of a cardionervous disease observed 
in a Macacus sylvanvs colony have been described. Clinical signs 
of polyneuritis and cardiac failure, autopsy findings of peripheral 
nerve degeneration and hydropericardium, and a diet partiall}^ 
deficient in vitamin Bi, indicate beriberi as the cause of this disease. 

2. The adolescent (3-year-old) monkeys were the most susceptible 
to the deficiency, as all were stricken early. In younger animals the 
disease occurred later, was characterized by spastic phenomena and 
intense cardiac disturbances leading to an early death. Some older 
animals showed chronic and moderate symptoms which did not 
result in death. 

3. Treatment of the animals with crystalline thiamin cured the 
animals, but only incompletely, thus suggesting that a prolonged 
deficiency determines permanent lesions. Menstruation was re- 
sumed after treatment with either wheat germ or, in 1 case, pure 
thiamin. 

4. In experimental complete Bi deficiency, death occurred before 
any outstanding clinical symptoms or marked histologic degenera- 
tion of the nerves set in. How'ever, when 2 sub-beriberic adoles- 
cents were given the Bi-free diet, acute symptoms reminding one of 
fulminating beriberi were observed. 

5. The observations, including the failure of a complete lack of 
thiamin to produce the symptoms or pathology of beriberi, suggest 
that only a partial thiamin deficiency results in beriberi. 

We -wish to acknowledge our appreciation to Dr. G. Blanc, Director of the Insti- 
tute, for general advice, and for the inoculations of blood and nervous tissue; to 
Dr. Speder for electrical examination of nerves and muscles; to Drs. Noury and 
Pierson for help in the clinical examinations; and to Dr. P. M. LeCompte for help 
in preparation of the manuscript. 
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VITAMIN Bi NOT HELPFUL IN PROTRACTED INSULIN SHOCK. 
By Esthek So:iiEUKELi)-ZisKiXD, 

Eegexe Ziskixd, M.D., 

ASSISTANT CLINICAL 3'IIOrKSSOn OF 31IEDICI.VE, rXIVEESlTV Of POUTIIL'RN CALIFORNIA 

SCUOOL OF MEDICINE, 

La vox Daltox, 

AND 

ViiiGixiA Buck, 

LOS ANGELES, CALIF, 

I*ROTitACTED insulin shock sometimes follows a regular session 
of insulin shock treatment for schizophrenia. Usually the patient 
is awake within 1.5 minutes after sugar solution is given by nasal 
tube. But, exceptionally, even with the aid of intravenous glucose, 
the patient is not awake in an hour, and it becomes evident that he 
is in a state of protracted shock. Regardless of the amount of sugar 
given, he will not awaken for several hours or days or not at all. 
Or he may gradually respond aphasically, being none the worse for 
the exirerience, or may show adverse neurologic signs for months 
afterward. 

In almost every article or discussion on the alleviation of pro- 
longed coma, the injection of thiamin chloride has been advocated. 
I^owe^'er, Frostig® places no confidence in this remedial agent and 
recently Cleckley and Templeton- reported its inefficacy. 

The routine of insulin shock treatment requires large amounts of 
carbohydrate, usually in the form of sugar solution, to awaken the 
patient. Abundant carbohydi'ate increases the thiamin require- 
ment’® and a high carbohydrate diet is most effective in producing 
the symptoms of Bi avitaminosis. In the avitaminotic animal, 
minced brain tissue has not so great a capacity to utilize ox;\'gen as 
in the normal animal.’® On the addition of crystalline thiamin 
chloride to the test tube, avitaminotic brain tissue takes up in- 
creased oxygen, whereas the normal pigeon brain does not. Certain 
brain cells of the Bi-deficient pigeon have a lowered respiratory rate 
in the presence of de.xtrose, a condition remedied by the addition 
of thiamin chloride.’® The latter increases o.xj'gen consumption 
only in the Bi-deficient man or animal, relatively enormous doses 
being without effect in normals.” According to Holmes, ' the taking 
up of oxj'gen by the gray matter is increased after the addition of 
dextrose and reduced during insulin. Damashek and iMyerson® 
demonstrated in insulin shock a decrease in the use of oxv’gen m 
the brain and attributed the neurologic symptoms in hypogly- 
cemia to this diminished oxy-gen content. 

Chemical analysis of the minced brain of the avitaminotic pigeon 
reveals pyTUvic acid and methyl glyoxal, both of yvliich are absent 
in the normal. These abnormal metabolites disappear on the addi- 
tion of thiamin chloride. After carbohydrate metabolism has been 
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disrupted by monoiodoacetic acid or liyperinsulinization, metliyl- 
gloxal and pyruvic acid can be demonstrated in muscle. The theory 
has crystallized^” that vitamin Bi functions as a coenzyme in the 
metabolism of carbohydrate, more specifically in the oxidative 
breakdown of pyruvic acid. The great similarity of con^'■ulsions 
induced by thiamin deficiency, methylglyoxal and insulin has been 
pointed out. 

There are other parallels between hyperinsulinism and Bi avitam- 
inosis. It is said that idioacetic acid or insulin overdosage leads to 
elaboration of methylgl.yoxal or pyruvic acid in toxic concentration, 
and that the mustering of sufficient vitamin Bi reserve will over- 
come the toxicity from insulin. Dioxyacetone decreases insulin 
convulsions; pyruvic acid and methylglyoxal increase them.'* 

Demolc* gave insulin shock to 39 rabbits with 1 unit of insulin 
per kilogram of body weight. Of these, 13 each got 4 injections 
subcutaneously of 500 units of thiamin chloride 2 hours preceding 
the insulin, while 16 rabbits got no vitamin Bj. Of the latter, 
11 had convulsions, recuperating .spontaneously; all comas lasted 
more than 7 hours, in all the blood sugar went below 50 mg. In 
the vitaminized rabbits, only 2 had convulsions, 1 recuperating 
.spontaneously; all remained in coma less than 7 hours; 5 stayed 
above 50 mg. blood sugar and 8 under. 

Freudenberg®®’*’ has often been quoted as the authority' for the 
use of thiamin chloride to relieve protracted insulin coma. He had 
some insulin shock patients who, 30 minutes after being tube-fed 
with 400 cc. of 50% glucose solution, were not awake and who for 
several consecutive days had to be aroused with 140 cc. of 33% 
fructose intravenously. When given 2.5 gm. thiamin chloride 20 
to 30 minutes after the tube feeding, the same patients awoke 
quickly, so that intravenous sucrose was not necessary. Freuden- 
berg averred that administration of vitamin Bi would improve the 
hypoglycemia even before sugar was given. 

Leitao*® induced shock in a patient with 50 units of insulin, 
reducing the blood sugar below 30. Three minutes after an am- 
poule of betaxin was given intravenously, the blood sugar was 39. 
Another patient was given shock with GO units of insulin, the blood 
sugar many times being lower than 30. After 4 hours, shock was 
interrupted by intravenous injection of 3 ampoules of vitamin Bi. 
Two minutes after the injection, the blood sugar was 45 and 3 min- 
utes later 63. The author was not explicit as to the intensit 3 ’' of 
the shock. 

According to Akos,* vitamin Bi prevents hyperactivity and con- 
vulsions during shock and protracted coma if the vitamin is injected 
16 hours before the insulin. “The organism must have been pre- 
viouslj' saturated with the betaxin to be effective.” In 2 of our 
patients, there did seem to be a lessening of hyperactivity when we 
gave 5 to 10 mg. of thiamin chloride intramuscularlj" 16 hours before 
the insulin daifiy, and no convulsions or prolonged comas occurred 
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in these 2 patients. In 1 of our cases, where 120 to 240 units of 
insulin was the shock dose, 100 mg. thiamin chloride daily may 
have decreased the hyperactivity during coma, but it did not 
eliminate it; in fact, we were forced to give the patient 3.5 gr. of 
sodium amytal during this stage, in addition to having an orderlj^ 
with the patient to keep him from injuring himself by thrashing 
about. Cleckley and Templeton^ reported prolonged coma in 
1 patient who had previously been prepared with thiamin chloride. 

Experiment. From October, 1938, through November, 1939, we 
tested the effect of vitamin Bi* on the arousal time of 27 insulin 
shock patients. During alternate periods, different patients were 
given no vitamin, so that at all times there was an equal number of 
controls and experimental subjects. The vitamin was tried by 
mouth, intravenously and intramuscularly, always just as we were 
ready to terminate the hypoglycemia by pouring the tube feeding, 
the tube being already in place. Our time of termination was 4 to 
4| hours after the insulin was administered, the patient having been 
unconscious in eaoh case about 2 hours. From the accompanying 
table, it is evident that this use of vitamin Bi made no statistically 
significant difference in the arousal time of insulin shock patients. 

Comment. Of course there is a dearth of experimental evidence 
with regard to prolonged insulin coma, since each investigator 
fortunately has experienced only a few instances. Such shock situa- 
tions come mostly after man}’- shocks which were promptly revers- 
ible. There is more danger of protracted coma in the period of 
increasing sensitivity to insulin, in the first week or two, particu- 
larly if the dosage is increased by leaps and bounds or when hypo- 
glycemia is permitted to run longer than 4 or 4| hours. We know 
that in animals the long-protracted comas are not reversible. 

Storage of thiamin is widespread in the body, the highest concen- 
trations being in liver, kidney, heart and brain.” The latter retains 
most of its thiamin in Bi avitaminosis even at the expense of other 
tissues. Animals deprived of vitamin B show disturbances of car- 
bohydrate metabolism similar to those of diabetes, that is, the 
tolerance for dextrose is diminished.® “Severe degrees of diabetes 
are not observed but the level 'of blood sugar is elevated enough to 
provoke glycosuria when carbohydrate is administered to animals or 
men long deprived of vitamin Bi.”” 

In protracted insulin coma there is often hyperglycemia and fever, 
and it is useless in these cases to keep plying the patient with sugar 
when the brain cells are probably “ in a histiotoxic condition, unable 
to utilize the sugar.”® Heavy decrease of blood chlorides may also 
lengthen the shock.® “The great loss of chlorides through profuse 
sweating and increased production of gastric juice may explain these 
findings.” In addition to salt feeding, Kant suggests pushing fluids 
in prolonged coma, as there is probably a disturbed water balance too. 

* Wo arc indebted to the Galen Company, Inc., Berkeley, Calif., for all of the 
vitamins used in our experiment. 
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We have given a full course of insulin comas to 80 patients, among 
\vhom_ there iiave been 4 prolonged comas. Wlien the latter com- 
plication occurred, ve continued treatment on small dosage of insu- 
lin after a rest period of a week, except that in one of our earliest 
cases ve were afraid to take further chances. We have had no bad 
residua and no deaths. For termination of coma, it is our custom 
to tube-feed brown sugar dissolved in hot water. We weigh out 
1 gm. of sugar for each unit of insulin. This has been sufficient, 
except in 1 case in which 1..5 gm. of sugar to each unit of insulin was 
required for prompt awakening. When less than 100 gm. of sugar 
is needed, Ave make the solution up to 500 cc.; when 100 to 150 gm. 
of sugar is used, we go up to 750 cc., and Avith 200 gm. of sugar or 
more, Ave give a liter of A\-atcr. The sugar AA'ill absorb more quickly 
if boiled to a syrup, but this makes unnecessary AA'ork. For the last 
S months, aa'c have added 4.5 gm. of sodium chloride to each tube- 
feeding, and have had no prolonged comas during this period. 

Conclusion. According to the tests aa’c JiaA'e made with thiamin 
chloride during insulin shock, aa'c AA’ould not exjiect it to be helpful 
in arousing a patient in protracted coma. 
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STUDIES OF THE B VITAMINS IN THE HUMAN SUBJECT, 

m. The Response of Cheilosis to Vitamin Therapy. 

By Thojlas E. Machella, Bf.D., 

INSTRUCTOR IN MEDICINE AND IN PHYSIOLOGY, UNrV'ERSITY' OF PENNSYLVANL3 MEDICAL 
SCHOOL; RESEARCH FELLOW, PHILADELPHIA GENERAL HOSPITAL, 
PHILADELPHIA, PA. 

(From the Thompson Vitamin Clinic of the Philadelphia General Hospital and 
of the Kinsej'-Thoraas Foundation of the University of Fennsyivania 
Medical School.) 

The dependence of cheilosis on some nutritional disturbance was 
first suspected in 1911 Auhen Stannus® observed the development of 
the lesion in natii^e Nyasaland prisoners who subsequently presented 
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a pellagraderm. Then, in 1915, Bahr,^ described the lesion among 
indigenous prisoners in Cejdon, more especially those serving long sen- 
tences. He stated that the prison warden ascribed the sores at the 
angles of the mouth to the eating of salt fish and regarded, as a 
valuable remedy, the ingestion of half-cooked liver or liver soup. 
It was not until 1937, however, that Ajdcroyd and Krishman^ noted 
that cheilosis in their ex}ierience coincided with a deficiency of some 
factor or factors of the vitamin B-complex. In view of the develop- 
ment of the lesion on a riboflavin deficient diet, Sebrell and Butler® 
ascribed the lesion to a deficiency of that -sdtamin. Their observa- 
tions were given support subsequently by the reports of Sj^den- 
stricker^® Oden,® Spies® and Jolliffe,® who noted also a disappearance 
of the lesion following the administration of riboflavin. 

The possibilit}', however, of a deficiency of other fractions of the 
B-complex being responsible, in part at least, for the development 
of cheilosis has been suggested by some of the reported data. Syden- 
stricker,^® for instance, noted a subsidence of the affection in a 
pellagrin while he was receiving only nicotinic acid. The seemingly 
beneficial effects of the nicotinic acid in this case, however, were 
ascribed to an adequate riboflavin content of the diet, especially 
since the lesion appeared in another of his pellagrins while he was 
being treated with nicotinic acid. Manson-Bahr* also referred to 
some pellagrins in whom the cheilosis disappeared following the 
administration of nicotinic acid. Smith and hlartin,'^ furthermore, 
saw the lesion clear up in a patient on a diet deficient in riboflavin. 
They also observed its disappearance in 3 out of 4 patients when 
pyridoxine was administered; and in a fifth case, that did not respond 
to riboflavin or nicotinic acid, they obser^'ed complete healing onl,y 
when liver extract was administered. 

This paper summarizes a personal experience in the management 
of 17 cases of cheilosis. It includes some negative results after the 
administration of riboflavin alone and some favorable responses to 
pyridoxine and nicotinic acid; it also suggests, in some instances, 
the importance of an adequate ascorbic acid blood concentration. 

Description of Cases and Method of Stndy. During the past year 
17 patients with cheilosis have been observed at the Philadelphia 
General or the University of Pennsylvania Hospital. All of, them 
had been on an inadequate diet, and 15 presented, in addition to tlie.. 
typical lesion on the lips, other manifestations of B-complex de- 
ficiency, including chiefly glossitis alone or glossitis associated with 
bilateral calf muscle tenderness; 16 had anorexia; 3 had clinical and 
laboratoiy evidence of scurvy. 

In 12 of the 17 cases the cheilosis was confined to the angles of 
the mouth and in one of these the lesion was unilateral. In 4 others 
it involved, in addition, the vermilion of the lip; and in 3 of these, 
that had scurvy, each lip was completely affected, and in the other 
one (S.B., Table 1) the involvement was confined to a wide shallow 
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ulcer on the right half of the lower lip. A similar ulcer, without 
involvement of the angles of the mouth, was present on the lower 
lip of the final case, a pellagrin. Bleeding occurred only in those 
patients who had scurvy. 

Table 1. — Cases That Responded Favorably to Pyridoxine (Be) Therapy. 


1 

Case. 

1 

Age. 

Kcx 

and 

race. 

i 

False 

teeth. 

Location 
of lesion 
on lips. 

1 

j Duration 
of lesion 
prior to 
treatment 
(mos.). 

Other manifesta- 
tions of dcficicncj'. 

Amount of 
p>Tidoxine 
received 
(mg.). 

Time in 
which 
healing 
occurred 
(daj'sL 

Prunarj' 

diagno«is. 

E.L.* 

60 

F. 

W. 

+ 

Both angles 

? 

Glossitis, calf 
muscle tender- 
ness 

70 in 

7 da}'S (H)* 

7 

Acute chole- 
c>'stitis 

B.C.t 

24 

F. 

W. 

0 

Botli angles 

1 

Glossitis 

210 in 

7 da.vs 

5 

Alcoholism 

F.R. 

33 

F. 

W. 

+ 

Both angles 

1 

Glossitis. calf 
muscle tender- 
ness 

270 in 

9 day.s (H) 

7 

Anorexia 

neiv'osa 

I.H. 

25 

F. 

W. 


Both angles ^ 

12 

Reddening of oral 
mucous mem- 1 
brancs 

375 in 

5 (laj-s 

3 

j 

Diabetes 

meititus 


52 

M. 

W. 

Uncom- 

pensated 

edentia 

Both angles I 

1 ; 

I 

0 

375 In 
i 5 da\'s 

1 

i 

5 

Tabes dorsaiis 

M.R. 

61 

F. 

W. 

+ 

Both angles 

1 

24 ! 

f 

0 

525 in 

7 days 

3 

Diabetes 

meliitas 

G.H.§ 


F. 

W. 

+ 

Both angles 

2± 

Glossitis 

600 in 

20 daj's 

Incomplete 
in 26 ^ys 

Osteoarthritis 

T.D. 

32 

M. 

W. 

0 

Left angle 

2 

Glossitis 

1050 in 

7 days 

7 

Malnutrition 

S.B. 

1 

1 

i 63 

F. 

W. 

+ 

Both angles 
with ulcer 
on lower • 
lip 1 

i ^ 

t 

1 

1 

Glossitis, periph- 
eral neuritis 

2100 in 

14 days 

14 

Scleroderma, 

polyarteritis 


* No response to previous course of nicotinic acid (3500 mg. over period of 9 daj’s). . , 

t Lesion recurred vrithin 1 ^eck after discontinuing administration of pyridoxine; permanent regression folloittng secon 
course of treatment and resumption of •well-balanced diet. 

t No response to previous course of ribofla%in (92 mg. in 7 days). . j \ c 

§ Definite healing occurred during first 2 weeks of treatment, after •ft'hich a course of riboflavin (75 mg. in 6 da>’s) wa- 
substituted. The lesions became worse during period of riboflavin therapj’ but began to regress when pjridorine was re- 
administered. 

H = subcutaneous a dminis tration. 


The cases may be divided into two groups: one, including 5 out- 
patients, kept on their usual diet, and the other, including 12 
in-patients, in w'hom some change in the dietary habits occurred 
incident to their hospitalization. In the latter group, however, 
though an adequate diet w'as presented to each subject, he was 
allowed to choose what foods he wished. All supplementary' vita- 
mins except the one that was being tested in the case at the time 
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were withheld. That vitamin preparation, except when noted 
otherwise, was administered by mouth. Local applications to the 
lips were not permitted. 

Results, A trial of pyridoxine (Be) was made in 13 of the 17 
cases. The cheilosis in 9 (Table 1) of these healed while they were 
receiving this ^dtamin. The lesion in 8 of them subsided within 3 
to 14 days. In the ninth case (G.H.), in which the cheilosis was 


Table 2. — Cases Which Responded to Vitamin Phepahations Other Than 

Pyridoxine. 


Case. 

Age. 

Sex 

and 

race. 

False 

teeth. 

Ixicatiou 
of lesion 
on Ups. 

Duration 
of lesion 
prior to 
treat- 
I ment 
(mos.). 

Other manifes- 
tations of 
deficiency. 

1 

No response* 

(mg. in days). j 

Re.sponse* j 
(mg. in days). ' 

Primary 

diagnosis. 

A.K. 

19 

F. 

W. 

0 



Glossitis 

! 195 in 7 
B: 

609 in 7 
Be i 

N.A. 

630 in 7 

Rheumatoic 

arthritis 

mm 

HH 

50 

M. 

W. 


Lower lip 
(shallow 
ulcer) 

t 

Glossitis, der- 
matitis, diar- 
rhea, calf 
muscle ten- 
derness 

i 

1 

j 


N.A. 

; 7800 in 7 

i 

j 

i 1 

Alcoholism, 

pellagra 

M.J. 

44 

F. 

C. 

1 


1 

Glossitis, low 
blood ascor- 
bic acid level 

N.A. 

7200 in 12 

Bs 

21 in 7 

Ascorbic acid 
1700 in 13 

Sicklemia, 
lues (treat 
cd), Bourv; 

M.G. 

55 

F. 

W. 

+ 

Both angles 
and limbs 1 

2 

Glossitis, low 
blood ascor- 
bic acid level 

Be 

1800 in 12 

Bs 

180 in 0 

Ascorbic acid 
1200 in 4 

i 

Unilateral 

sciatica, 

[ scurvy 

nn 

32 

F. 

W. 



■ 

Low blood as- 
corbic acid 
level 

j 


Ascorbic acid 
2600 in 10 

Scurvy 

J.M. 

44 

M. 

W. 

+ 

Both angles 

2 

Glossitis 

[ Be 

420 in 14 

Be 

49 in 7 

Brewer’s yeast 
7.5 gm. t.i.d. 
in 14 days 

Multiple 

sclerosis 

P.M. 

69 

F. 

W. 


Both angles 

1 

1 

Glossitis 

Be 

70 in 7 

Bo 

70 in 7 


Multiple 
sclerosis (? 

M.K. 

69 

M. 

W. 

+ 

Both angles 

12 

Glossitis, calf 
muscle ten- 
derness 


B: 

64 in 14 

1 

Brewer’s yeast 
7.5 gm. t.i.d. 
in 14 days 

Diabetes 

mellitus 


* Nicotinic acid (N.A.); riboflavin (Bj); pyridoxine (Be). 


most severe, extensive and ulcerative, healing occurred only after 
26 days; during this period riboflavin was substituted for the 
pyridoxine for 6 days, but during this time the ulcerations became 
worse, to regress on resumption of the pyridoxine therapy. The 
cheilosis in the other four patients (M.G., J.M., M.K., and F.M.; 
Table 2) treated with pyridoxine failed to improve during its adminis- 
tration. One of these (M.G.) received the vitamin subcutaneously 
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as well as orally. All of these also failed to respond to riboflavin. 
The course of their lesions will be described in another paragraph. 

In 8 of the cases, including some that also received and responded 
favorably to pyridoxinc, riboflavin therapy failed to produce any 
evidence of significant regression. Of these cases the lesion in *2 
(J.C. and G.H.) re.spondcd favorably to, pyridoxine and that of a 
third (A.K.), to nicotinic acid. The cheilosis in the fourth and fifth 
cases (J.M. and INI.K.) failed to react satisfactorily to pyridoxine 
but disappeared while the patient was receiving brewers’ yeast. 
That of the sixth case (F.IM.) remained unhealed, even when pj'ri- 
doxine was employed. In a seventh case (hl.J.) a previous trial of 
nicotinic acid followed by a course of riboflavin was ineffective, and 
healing did not begin until a low blood ascorbic concentration was 
raised. In the eighth (M.G.), previous successive courses of pyri- 
doxine and riboflavin administered orally as well as subcutaneously 
were inefl’ective, and the cheilosis did not begin to disappear until 
her scorbutic state was corrected by the administration of vitamin C. 

Two of the 3 patients with scurvy have already been referred to; 
the third one (E.S., Table 2) was more markedly scorbutie. She 
had the typical manifestations, including a positive tourniquet test. 
Her blood ascorbic acid level was 0. Her diet consisted only of 16 
to 21 bowls of milk a'nd oatmeal daily for a period of 9 months. 
No manifestations of a B-coniplex deficiency were noted, but she 
had at each angle of the mouth a wide fissure which bled freely and 
the vermilion of her lips was dry, desquamating and oozing blood. 
The involvement of her lips cleared up entirely within 1 week after 
the administration of vitamin C. 

One patient (A.K.) has already been mentioned as having re- 
sponded fa^'o^ably to nicotinic acid, after ^ibof^a^’'in and pyridoxine 
had been without effect, and another one (G.C.), an alcoholic pel- 
lagrin, did likewise. He had, as manifestations of a B-complex 
deficiency, anorexia, calf muscle tenderness, bilateral sjunmetrical 
dermatitis limited to the dorsum of the hands, diarrhea and mental 
incoherence, and, in addition, on his lower lip a shallow, wide crater 
resembling an epitheliomatous ulcer, except that there was no 
induration beneath it. The ulcer healed completely within 5 days 
after the administration of nicotinic acid. 

Recurrence of the cheilotic lesion occurred in 2 of the patients 
(B.C. and F.R., Table 1). In one of these (B.C.) healing occurred 
after the daily administration of 30 mg. of pyridoxine for 5 days. 
Two days later the treatment was stopped, and after another week 
the lesion had recurred. Again, however, after the daily administra- 
tion of 30 mg. for a week it subsided and has not reappeared. The 
other patieht (F.R.), with anorexia nervosa, responded satisfactoruy 
to pyridoxine administered subcutaneously for a week, but the 
lesion reappeared a week after the therapy was abandoned. The 
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vitamin was then administered orally with no improvement whatso- 
ever; in fact, the lesion became more severe and pustular. It was 
then discovered that she had been picking at the angles of her 
mouth with her fingernails, and so perhaps tending to prevent 
healing. 

Comment. That cheilosis frequently subsides during riboflavin 
therapy appears to be definitely established by several reports in 
the literature. In some of the cases (Sydenstricker;i“ Oden®) the 
lesion recurs when the administration of riboflavin is discontinued. 
This may be interpreted to indicate either that a riboflavin deficiency 
is responsible for the cheilosis or that the administration of ribo- 
flavin, which is appetite-restoring in an individual deficient in this 
vitamin, is accompanied by the consumption of an increased quan- 
tity of food and this food contains some substance that brings about 
healing of the lesion. The latter possibility must always be taken 
into consideration in connection with the disappearance of a symp- 
tom or sign during the administration of a vitamin. At any rate in 
the present series 8 of the patients treated with riboflavin showed 
no improvement during its administration, and none of them had 
any of the other manifestations that characterize the syndrome of 
ariboflavinosis. 

That the administration of pyridoxine also may be followed by 
a disappearance of the cheilotic lesion is e\ddenced by the report 
of Smith and Martin,’ who noted healing after treatment with this 
^dtamin, and by the observations reported in this paper. That still 
other members of the B-complex may be responsible is suggested 
by the observation that in some patients the lesion heals only when 
the entire B-complex, in the form of liver extract or brewers’ yeast, 
is being supplied. 

That a deficiency of cevitamic acid may also be related to the 
development of cheilosis is suggested by my observations on 3 
patients in whom a bleeding lip lesion did not improve until the 
scorbutic state was brought under control. 

Conclusions. The observations herein reported, as well as those 
of other authors, indicate that cheilosis is not necessarily a mani- 
festation of riboflavin deficiency alone. Healing of the lesion often 
does not occur when riboflavin only is administered and, on the 
other hand, it may respond favorably to the administration of 
pyridoxine and, in some instances, of nicotinic acid. Furthermore, 
when the lesion is hemorrhagic and is accompanied by generalized 
involvement- of the lips, especially of the vermilion, it may improve 
only when a low blood ascorbic acid level is elevated. 

I am indebted to the chiefs of the medical and dermatologic clinics of the Uni- 
versity Hospital and to Drs. Russell S. Boles, Charles L. Brown, Henry D. Jump, 
Samuel A. Loewenberg, Howard W. Schaffer, and the late Robert G. Torrey of the 
Philadelphia General Hospital for allowing me to m.ake use of their clinictil material fo- 
this study. 
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A POST-REPEAL STUDY OP 300 CHRONIC ALCOHOLICS. 
By James V. Lowry, M.D., 

ASSISTANT SURGEON, U, S. PUBLIC HEALTH SERVICE, BETHESDA, MD., 

AND 

Franklin G. Ebaugh, M.D., 

PROFESSOR OF PSYCHIATRY, SCHOOL OF MEDICINE, UNTN'ERSITY OF COLORADO; 
DIRECTOR, COLORADO PSYCHOPATHIC HOSPITAL, DENVER, COLO. 

Repeal of the 18th Amendment in 1933 was followed by an in- 
crease in the number of admissions for chronic alcoholism at the 
Colorado Psychopathic Hospital, The average for the 2 years, 
1931-1932, was 44.5 admissions, and for the 6 years, 1934-1939, 
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Chart 1. — Yearly admissions for alcoholism at the Colorado Psychopathic Hospital- 

it was 107.7. Pollack’s^ figures for chronic alcoholism at the New 
York State Hospitals showed an average of 596 first admissions in 
1931-1932, and an average of 850.4 for 1934-1938. During 1920- 
1923, a period of effective prohibition in New York, the average 



LOWEY, EBAUGH: study of 300 CHRONIC ALCOHOLICS 121 

number of first admissions for alcoholism at the same institutions 
was 204 per year. 

The increase in the number of patients admitted for chronic 
alcoholism at this hospital prompted this investigation. Three 
hundred patients consecutively admitted during the years 1936- 
1939 were studied; 38 were readmitted patients. The data pre- 
sented subsequently are based on this group. The continued use 
of alcohol was the direct cause of admission in each instance. Most 
of the patients entered the hospital because of coercion by relatives, 
and many of them resented being there. Onl}’- a few had more than 
a superficial desire to be rid of their habit. This was evident in 
their length of stay on first admission — 57 (19%) left in less than 
a week — although an attempt was made not to admit any patient 
unless the responsible relative understood that a minimum of one 
month was necessary for any real attempt at therapy. 

Table 1.— Number of Days in Hospital on First Admission. 

No. of 
patients. 

57 
56 
55 
60 
72 
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These patients were quite frank, if not entirely accurate, in their 
statements regarding the amounts they drank. The preference for 
whisky was unanimous, but if the financial situation was difficult, 
a shift to wine occurred. Of these patients 107 (36.3%) were 
periodic drinkers who would have "sprees” of a week or two of 
continuous inebreity followed by periods of abstinence lasting 
from a few weeks to several months. 

Table 2. — Consumption of Alcohol. 


Whisky: 


Minimum of 3 pint daily 

12 

Minimum of 1 pint daily 

45 

Minimum of 1 quart daily . 

32 

Determined by supply . 

85 

Periodic debauches . 

107 

Wine: 


About 1 gallon daily 
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Ninety-eight (32.7%) of the patients were classified as psychotic 
on admission. The distribution as to type of psychosis is shown in 
Table 3. Twenty-two (22.4%) of the 98 psychotic patients, and 
24 (11.9%) of the 202 patients without psychosis had a peripheral 
neuritis. 


Days. 

1-7 . . 

8-14 . . 

15-21 . . 

22-28 . . 

29 or more . 
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Tadle 3. — Tvi’b of Aixoiioeic Psychosis on Admission. 

Organic deterioration 44 

Delirium tremens 27 

Acute hallucinosis 18 

Korsakow’s psychosis 9 


98 

If the consumption of alcohol was enough to produce frequent 
periods of intoxication or to interfere with the ability to earn a 
li^'ing, it was taken to be greater than social drinking and the 
indiN’idual regarded as a chronic alcoholic. Judged by these criteria, 
170 (56.7 %) were chronic alcoholics by the age of 30 (Table 4). 
The average age on first admission was 40 (Table 4). The duration 
of chronic alcoholism before first admission is shown in Table 5. 

Table 4. — Age Incidence of 300 Alcoholics. 


On 

Age group. At onset. admission. 

15-20 ... 05 1 

21-30 105 37 

31-40 61 104 

41-50 32 96 

51 or over 16 62 

Not given 21 


300 300 


Table 5. — Duration of Chronic Alcoholism Prior to First Hospitalization. 


Less than one year 3 

1-5 years 87 

6-10 years 61 

11-15 years 35 

16-20 years 43 

21 or more years 51 

Not given 21 


300 


Information was obtained concerning the level of formal edu- 
cation attained by 273 of the patients; it varied from no school 
attendance to college graduation. Only 52 (19.1%) of the 273 
failed to complete the eighth grade; 122 (44.7%) completed high 
school; and 41 (15%) attended college. The occupational records 
of the patients showed frequent changes of emploj'ment. Only 
32 (10.7%) were able to support their dependents and them^ejves 
without receiving aid at intervals. Of the 48 women 36 (7o%) 
were housewives. The distribution by occupation is shown m 
Table 6. 

Table C. — Occupation. 


Non-skilled laborers 
Skilled laborers . 
“White collar” rvorkers 
Housewives 
Business men 
Farmers . 

Salesmen . 


61 

Students 

46 

Prostitutes 

39 

Gamblers 

36 

Bartender 

30 

Politician 

23 

Not given 

23 



Lawj’ers, physicians, dentists 
Firemen 


11 

6 


3 

2 

2 

1 

1 

1 

300 
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Tlie sexual and marital adjustments of these patients were poor. 
A histoiy of infidelity, impotence, or perversion was obtained in 
about 150 (50%) of the 300. At the time of admission syphilis 
was present in 24 (S%), and a history of gonorrhea was given by 
49 (16.3%). One himdred and six (41.4%) of the 256 patients who 
had been married were either divorced or separated, and 12 patients 
had been divorced more than once (Table 7). Of the 135 patients 
who were still living with their wives, 48 (35.5%) gave domestic 
difficulties as the reason for drinking. 



Table 7.— 

-Marital Status. 


Single 

. . . . 43 

Widowed . 

. . . 15 

Married . 

. . . . 135 

Not given 

. . . 1 

Divorced 

. ... 81 


— 

Separated 

. . . . 25 
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Evidence of poor emotional adjustment was apparent in child- 
hood in 95 (31.7%) of these patients. Sixty-two were “nervous,” 
stubborn, pouty, shy, enuretic, or had night terrors. Twent\^-six 
were over-dependent and carried this through to adult life. 

Table S.— Childhood Personality Traits. 


Shy, pouty, “nervous,” stubborn 39 

Enuretic past the age of 7 18 

Night teri'ors 5 

Resented father ... 7 

Unusual parental attachment 20 


95 

Ninety' patients were associated with chronic alcoholic relatives 
in early life, and 20 others had suicide deaths or psychotic relatives 
in the immediate family. 


Table 9.— Fa.mily Characteristics. 

Patients with alcoholic fathers (48) or mothers (9) 57 

Broken home due to separation of parents .... .35 

Rigid, domineering parents 25 

Suicide deaths in immediate family 11 

Psychotic relatives in immediate family 9 

"Nervous” parents 8 
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Impro^^ement, either from a physical or psychiatric viewpoint or 
both, was made in 246 (82%). Despite this high percentage of 
improvement only 18 (6%) had a prognosis on discharge that was 
considered good, that is, no expectation of relapse. Twenty patients 
left before any treatment except emergency therapy could be 
instituted. 

Table 10. — Prognosis on Discharge. 


Good (no relapse expected) IS 

Guarded 137 

Poor (relapse expected) 130 

Very poor 7 

Not given* 7 


* Patients discharged within 24 hours, 
t One patient died in the hospital. 


299t 
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An attempt was made to learn the type of adjustment made by 
these people after their discharge from the hospital. The shortest 
time from discharge to follow-up was 6 months, the longest 30 
months, with a fairly even distribution between these two extremes. 
The method used for the follow-up was to contact the referring 
physician or the relative who Avas responsible for the patient at the 
time of hospitalization. There are many criticisms of such a 
method. No information could be obtained about 140 patients; 
91 had returned to their pre-hospitalization status; and in so far 
as could be determined, 60 had not been intoxicated since leaving 
the ho.spital. 


Taui.e 11. — Fou.ow-iip Study. 


Relapsed 91 

No relapse 60 

Dead 7 

In prison 2 

No information 140 


300 

Summary. 1. In the 6-year period following the repeal of pro- 
hibition (1934-1939), the average number of admissions per year for 
chronic alcoholism at the Colorado Psychopathic Hospital was 
147% higher than the at'erage for the 2 vears preceding repeal 
(1931-1932). 

2. One-third of the chronic alcoholics were psy.chotic on admission. 
The incidence of peripheral neuritis was 15.3%, with the incidence 
in the psychotic patients twice as great as in the non-psychotic 
group. 

3. Chronic alcoholism began by the age of 30 in most of the 
patients, and the a^mrage age on first admission was 40. 

4. Many patients were reared in family situations complicated by 
the presence of alcoholic or othenvise inadequate relatives, and 
showed evidence of poor emotional reactions in childhood. 

5. Only 10% were able to make good adult economic and marital 
adjustments. Of the 256 patients who had been married 41% 
were either divorced or separated. 

6. Most of the patients left the hospital before receiving adequate 
therapy. Only 6% were given a good prognosis at the tiine of 
discharge, although 82% were considered improved by hospitali- 
zation. 

7. As far as could be determined, 20% of the 300 patients had 
not been intoxicated for a minimum of 6 months after leaving the 
hospital. Thirty per cent were known to have returned to their pre- 
hospitalization status of chronic alcoholism, and no information Avas 
obtained on about 47 % of the patients. 

REFERENCE. 
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Foundations of NEtmoPSYCHiATKY. B}'' Stanley Cobb, A.B., M.D., 
Bullard Professor of Neuropathology, Harvard Medical School; Psy- 
chiatrist in Chief, Massachusetts General Hospital. Pp. 231. Second 
revised and enlarged edition of the work formerly known as A Preface 
to Nervous Disease. Baltimore: The Williams & Wilkins Company, 
1941. Price, S2.50. 

The anatomy, physiology and iiathology of the nervous system represent 
only a means to an end for the majority of students and physicians, namely 
a way “to understand the simpler Avorkings of the central nervous system” 
and the reasons for its abnormal reactions. As “only a few simple mechan- 
isms of the nervous system are thoroughly understood,” the author wisely 
decided to “mention onlj'’ those anatomical structures the physiology of 
which is known and to discuss only physiological processes for which there 
is at least a fairly well substantiated anatomical correlation.” The choice 
of the material is free from false respect for time-honored schemes as Avell 
as sensational novelties. Clinical requirements have determined the selec- 
tion of, and ably illustrate, the anatomic and physiologic data discussed in 
this book. There is no timidity in raising the question of consciousness 
and unconsciousness or the body-mind problem. No philosophic treatise 
is given as solution but appropriately simplified considerations are offered 
to the reader. Obsolete antitheses such as “organic-functional diseases” 
and “physical-mental phenomena” are forcefully attacked and placed in 
correct perspective. 

The author believes “that Sherrington’s idea of integration gives a work- 
ing hypothesis upon the basis of which one may be eventually able to explain 
the higher mental functions.” He does not hesitate to state his personal 
opinion in such controversial questions as cortical localization vs. function 
of the brain as a whole. 

The book opens Avith the discussion of structure and function of the 
autonomic nervous system and its importance for internal medicine as AA'^ell 
as for neurology and psychiatry. The antagonistic mechanism of micturi- 
tion is clearly exposed and the interaction of fear, tachycardia, increased 
blood pressure, goose-skin, etc., exhibited. The presentation of segmental 
and suprasegmental apparatus in the central nervous system includes the 
reflex mechanisms of spinal cord and brainstem, the functions of the cranial 
nerves, the respiratory and equilibrate^ systems, _ patliAA'ays and role of 
exteroceptive and proprioceptive stimuli and their integration in cerebellar 
and cerebral cortex. 

The succeeding chapters deal with motor integration, locomotion, and 
functional localization in the cerebral cortex. The old and new motor 
system and the action of the basal ganglia in contrast to the cortex are 
stated and the A'-arious levels of po.sture and locomotion described. The 
confused anatomic nomenclature of the basal ganglia is clarified by the help 
of a table, and the meaning of such debatable designations as rigidit}'- and 
spasticity is clearlj’- outlined. The different function, e. g., of area 6 or of 
the cerebellum, in man and laboratorj’- animals beloAv apes is correctlj'^ 
stressed. Consciousness is defined as “a function of the organism in 
action.” Under the title of unconsciousness, on the other hand, the prob- 
lem of syncope is debated and the r61e of hemodynamics, blood chemistry 
and blood oxygen content in it. This leads to the excellent chapter on 
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cerebral circulation. The iiriiicijial reflex arcs are shown controlling the 
bloodflow to the brain, comprising the carotid and aortic bodie.s, the cardiac, 
arterial and venous, pressure and chemical receptors, tire angiospastic and 
vasodilating action, and the intracerebral control of bloodflow, the metaljolic 
exchange between blood and tissvie in the capillaries, and the lesions caused 
by oxj'gen deprivation. 

Special chapters are dedicated to the spinal fluid, the general and special 
pathologj' of the peripheral and central nervous sj’stem. Epilepsy is 
treated not as a disease but as a pathophysiologic phenomenon, character- 
ized by dysrhythmic brain waves. Its importance as a Public Health 
problem is exemplified bj’ the .statement that 050,000 pemons in the IJjiited 
States are assumed to suffer from periodic seizures. 

The last chapter, giving an introduction into psychopathologj', calls for 
a broader approach to this problem. “There are psychiatrists who state 
that neurologj' can contribute nothing to their field; there are psycho- 
analysts who are interested only in ‘interpersonal relations’ and know 
nothing of the brain; there are neurophysiologists who deny psychologj' 
and consider analysis a ‘racket.’ What is important .... is better train- 
ing for everj’one in all four fields and more tolerance. . . .’’ 

The book is infonnative and stimulating and is highl}’- recommended to 
medical students and jihysicians as well as to all instructors of biologj' and 
psychology-. F. L. 


Techniques of Conception Control. By Robert L.\tou Dickenson, 
M.D., Former President, American Gynecological Society, and Wood- 
bridge Edwards Morris, M.D., General Medical Director, Birth Con- 
trol Federation of America. Pp. 56; 50 illustrations. Baltimore: The 
Williams & Wilkins Company, 1941. Price, 50c. 

In a world of rapid change both sociallj- and economicallj-, an increasing 
interest and demand on the part of Society- is developing in the matter of 
controlling reproduction so that the timing of pregnancies may be planned. 
Under such conditions marriage can take place earlier, and family size can 
be regulated according to the ability of the parents to give their children 
an adequate start in life. 

For the proper regulation of reproduction the medical profession needs 
to be acquainted with the various methods that are effective. This is 
important as a single method is not necessarily suitable for every indi^ddual. 
Dickinson and Morris have produced a manual describing the various 
methods now in use, which should be in the hands of every physician who 
desires to fulfill his obligation to the patient needing such help._ The sub- 
ject is fuUy covered and its value greatly enhanced by- a series of 50 excellent 
illustrations. D. M. 


Brucellosis (Undulant Fever). Clinical and Subclinical. By- Harold J. 
Harris, M.D., Health Officer, Westport, N. Y.; Consulting Phy-sician, 
St. Lauwence State Hospital; Attending Phy.sician, Elizabethtown 
Community- Hospital, etc. Foreword by- Walter M. Simpson, M.D., 
F.A.C.P., Director, Kettering Institute for Medical Research, Miami 
Valley Hospital, Day-ton, Ohio. Pp. 286; 44 text illustrations and 12 in 
color. New York; Paul B. Hoeber, Inc., 1941. Price, 85.50. 

Only 17 years have passed since the first proven case of human brucellosis 
of bovine origin was reported. Yet the writings of a few obsen-ers, including 
the author of this volume, have aroused an increasing awareness on the part 
of phy-sicians of the widespread prevalence of this disease, with the result 
that several thousands of cases have been recognized y-early- during the past 
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decade. For the most part these have been examples of the more acute 
forms of the disease. But recent clinical experience shows that chronic 
brucellosis is even more common, and constitutes a major cause of chronic 
ill health. Since the available information on brucellosis is restricted almost 
whollj’’ to journal articles, the publication of a monograph on the subject is 
timely. It is therefore all the more regrettable that the book is open to a 
number of serious criticisms. In his enthusiasm to present the manifold 
clinical aspects of chronic brucellosis, the author has fallen into the very 
error which he says he wishes to avoid; that of attributing to brucellosis, 
without adequate proof, certain symptoms and findings that happened to 
be encountered in patients with chronic brucellosis. Examples are: duo- 
denal ulcer; glycosuria; borbor 3 ''gmus; hematuria; alveolar abscess in 75% 
of cases (one patient had 28 abscessed teeth, but cultures were negative) ; 
sinusitis (usually frontal, “a frequent finding” in patients with chronic 
larucellosis) ; thyrotoxicosis. The factor of a non-specific protein shock 
effect is at times underestimated, as in deprecating the value of intravenous 
typhoid therapy in acute brucellosis recently acquired; at times overlooked, 
as in attributing too great a diagnostic significance to the response to bru- 
cella vaccine treatment in doubtful cases. The discussion of the control 
of the disease in lower animals, especially the problems presented by the 
infection in range cattle and in other animals, is inadequate. While the 
literature has been sufficiently covered, there is failure at times critically to 
evaluate much that has been included. Nevertheless, the book contains a 
wealth of useful information. Particularly well done are the description and 
interpretation of the various diagnostic tests and the discussion of the use 
of brucella vaccine in the treatment of chronic brucellosis. R. K. 


0 

Clinical Pellagra. By Seale Harris, M.D., Professor Emeritus of 
Medicine, University of Alabama, Birmingham, Assisted by Seale 
Harris, Jr., M.D., Formerly Assistant Professor of Medicine, Vander- 
bilt University, Birmingham, Ala. With a Foreword by E. V. McColltoi, 
Ph.D., Sc.D., LL.D., Profe.ssor of Biochemistry, School of Hygiene and 
Public Health, The Johns Hopkins University, Baltimore. Pp. 494; 
66 illustrations and 16 tables. St. Louis: The C. V. Mosby Compan}’-, 
1941, Price, $7.00. 

It is a decided advantage to have an adequate description of so important 
and widely distributed a disease as pellagra presented in a single read}" 
reference volume. McCollum in his introduction to the work, calls atten- 
tion to the thread of etiologic philosophy and reflective comment on which 
the author has strung both clinical observation and literature, and right!}" 
estimates this as an attraction and asset of the work, though perhaps in 
these days a bit of a space-consuming luxur}". 

The text covers history and epidemiology (3 chapters) ; historical review 
of causal investigation and theory (6 chapters); etiology and pathology 
(5 chapters); clinical investigations (3 chapters); symptomatology, diag- 
nosis and prognosis (8 chapters); prophylaxis (3 chapters); treatment 
(3 chapters); bibliography circa, 600 titles; index, 21 pages. 

Obviously a book of this scope will contain much for the expert in the 
fields which pellagra invades through its varied symptomatology, cutaneous 
gastro-intestinal, neurologic. The author has succeeded in maintaining a 
central thesis without reducing his presentation to polemic or propaganda. 
The cause of pellagra, or better the complete causal mechanism of pellagra 
is still unkno\\"n, and is probably an interplay of predisposing and exciting 
causes. The former include alcohol, corn toxins, gastro-intestinal infections 
or infestations, carcinoma and otlier chronic gastro-intestinal diseases. 
Tlie latter include avitaminosis— nicotinic acid deficiency e.specially; defi- 
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ciency of the “ gastric intrinsic factor;’’ liver disease or inadequacy resulting 
in-- inability to store or utilize nicotinic acid; and sunlight (photosensitive- 
ness). Harris’ sugge.stions for e.Kperimcntal studies indicate the emphasis 
he places 911 gastro-intestinal and liver malfunction, the importance of 
bacteriologic and mycologic studies of pellagrous diets and the metabolism 
of coproporphyrin in relation to nicotinic acid utilization and deficiency. 

In the body of the text the clinical delineation and differentiation of the 
typical “3 D” (dermatitis, diarrhea, dementia) pellagra, and the various 
aty^pical or vhat one might call the parapellagra manifestations, is well 
handled. The emphasis on endemic character and national and world-vide 
distribution is still timely. Treatment is dealt with with the sure touch of 
experience and much interesting detail. The recommended dosage of nico- 
tinic acid (100 mg. daily at one point) seems small. The interrelations of 
sprue, pernicious anemia and pellagra arc constructively used in integrating 
the multiple causal concept to which the author gives his support. 

The presswork is excellent, the photography fair (some badly focussed sub- 
jects), the color plate of the pellagrous tongue the best the Reviewer has 
seen, though too much reduced. A close-up showing the detail of the 
highty characteristic keratotic or steatotic “saddle” over nose and cheeks 
would be a useful inclusion in a future edition. The price of the work is too 
high considering its value to the large number of physicians who could and 
should use it. ' J. S. 


Physical Medicine. The Emplojnnent of Physical Agents for Diagnosis 
and Therapy. By Frank H. I^usen, M.D., F.A.C.P., Associate Pro- 
fessor of Physical Medicine, the Mayo Foundation, University of Min- 
nesota; Head of the Section on Phj'sical Therapy, the Mayo Clinic, etc. 
Pp. 846; 351 illustrations. Philadelphia: W. B. Saunders Company, 
1941. Price, 810.00. ■ 

This work, as stated in the preface, “has l^een wTitten with the purpose 
of presenting in one volume the modern concepts of the subject of physical 
medicine.” The book fills a crying need because, to quote again the author, 
“Although there are excellent books available -which deal with one or two 
branches of the subject, as well as good large reference -works, there is, 
perhaps, no other book which covers the whole subject in a way that has 
been attempted herein.” 

The author has been succe-ssful in attaining his purpose. All the I'arious 
disciplines of physical medicine are presented in this work in a well-balanced 
form in one single volume and discussed in an authoritative manner, the 
book showing throughout evidence of ha^^ng been witten by a master in 
his field. The text is based essential^ on the author's original studies and 
clinical experience, but also includes a great number of obseiA’^ations taken 
from other ivell-selected sources. To these sources detailed reference is 
given at the end of each chapter. Throughout the text the various pha.ses 
of the subject matter are criticalty anatyzed and evaluated. Polemic topics 
are presented, discussed impartially, the author frequentlj"- expressing his 
own opinions. These opinions are amplified 83 ’- numerous case reporte, 
graphs, and statistical data. As stated in the preface, “Throughout the 
text, particular emphasis has been laid on the simple ph 3 ^sical measures 
w’hich are readity adaptable for general practice.” 

The subject is dhdded into 9 parts. The first deals with the histop' 01 
physical therapy. The next 5 parts are devoted to a discussion of the 
various branches of ph 3 'sical therapy according to the particular agent 
employed, namety, thermotherap 5 q light therapy (a particularly infomative 
part of the book), electrotherap 3 ’-, h 3 'drotherapy, and mechano therapy. 
Part VII treats of the clinical aspects of ph 5 'sical medicine -ndth emphasis 
laid on plo'sical therap 3 " of arthritis, the relation of ph 3 'sical therap}' m 
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orthopedic surgery and to its management of backache. The remaining 2 
parts deal with the teaching of physical medicine and with the hospital 
department of physical therapy. The index is complete. 

The reading of this volume should be of much benefit not only for the 
physical therapist, but also for specialists in other fields of medicine, as 
well as for the general practitioner. J. N. 


Medical Manual of Chemical Warfare, (First American Edition; 
Eeprinted by Permission of The Controller of his Britannic Majesty’s 
Stationery Office.) Pp. 119; 1 figure and 10 plates. Brooklyn: Chemical 
Publishing Company, Inc., 1941. Price, $2.50. 

The first American reprint of this British publication will be welcomed 
as a valuable text for physicians who, as civilians or as officers in the armed 
forces, may be required to handle the casualties resulting from chemical 
warfare. Chapter headings include: General description of war gases; 
the vesicant or “blister” gases; the lung irritant or choking gases; paralysant 
gases; arseniuretted hydrogen poisoning; gases used primarily as harassing 
agents; dangerous gases not used for offensive purposes, but which may be 
encountered under war conditions; protection against gas and air raids; 
the recognition and first aid treatment of “gas casualties.” There are ap- 
pended a tabular summary of gases, their properties, methods of recognition 
and first-aid treatment; a description of the technique of administration of 
oxygen; and the “Atlas of Gas Poisoning”: a 15-page reprint, with 10 
illustrations, of a pamphlet first used in 1918 by the Medical Research 
Committee. The presentation is concise, correct and adequate for practical 
purposes. As set forth in the foreword, “It cannot be too strongly empha- 
sized that a speedy recognition of the type of gas which has caused casualties 
is essential for rapid diagnosis and treatment: these desiderata can only be 
obtained by timely and thorough knowledge of chemical warfare substances, 
their characteristics, and their effects on the human body.” This volume 
fully meets»the issue. R. K. 


Biology op the Laboratory Mouse. By the Staff of The Roscoe B. 

Jackson Memorial Laboratory, Clarence C. Little, Director, George 

D. Snell, Editor, J. J. Bittner, A. M. Cloudman, E. Fbkete, W. E. 

Heston, W. L. Russell, G. W. Woolley. With a Chapter on Infec- 
tious Diseases of Mice by J. H. Dingle, Harvard Medical School. Pp. 

497; 172 illustrations. Philadelphia: The Blakiston Compan 3 ^, 1941. 

Price, $7.00. 

To indicate the purpose of this book it is difficult to improve upon state- 
ments in the preface: “Of all the laboratory mammals, probably none has 
contributed more to the advancement of knowledge than the common 

mouse A result of this extensive use of the mouse is .... a large 

body of infonnation .... so widely scattered that it is often a major 
undertaking for the research worker who wishes to use it to locate and 
gather the particular facts that he needs. Much of this information is 
assembled in this book. In a number of cases .... important gaps in the 

literature .... have been filled in by special research projects 

Because it deals mth the mouse alone, this book presents a vertical cross- 
section of biological knowledge rather than the more usual horizontal 
cross-section.” 

The book contains the following chapters, prepared as indicated by 
various authors, which with one exception are members of the staff of the 
Jackson Laboratory^: 1, The Early Embrjmlogy of the Mouse; 2, Repro- 
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cluction; and 5, Gene and Chromosomes Murations— G. D. Snell; 3; His- 
tologj"^ — ELizAnETH Fekete; 4, Spontaneous Neoplasms in Mice— 'A. -M, 
Cloudman; G, The Genetics of Spontaneous Tumor Formation; and 7, 
Tile Genetics of Tumor Transplantation— C. C. Little; 8, Endocrine 
Secretion and Tumor Formation— G. W. Woolley; 9, The Milk Influence 
in Tumor Formation; and 13, Care and Recording— J. J. Bittner; 10, 
Inlired and Hybrid Animals and Their Value in Research — W. L. Russell; 
11, Parasites— W. E. Heston; 12, Infectious Diseases of Mice— J. H. 
Dingle. 

Tlie_^te.\t is abundantly illustrated by drawings, photomicrographs and 
charts. An e.\tonsive bibliography is appended to each chapter. The 
index is entirely adequate. The editor and authors of the various chapters 
are to be congratulated. All who use the laboratorj' mouse must feel a 
distinct oliligation to them. H. R, 


PL.I.Y FOR Convalescent Children in Hospitals and at Home. By 
Anne Marie S.mith (Staff Instructor), Leaders’ Training School, Com- 
munitj'' Recreation Service, Chicago, 111. Pp. 133. New York: A. S. 
Barnes & Co., 1941. Price, S1.60. 

This small book outlines the growth of organized plaj' on the wards of 
the Children’s Memorial Hospital in Chicago. It is, however, a good deal 
more than that. It is convincing evidence of the value of intelligently 
organized play as an essential part of the treatment of sick children and 
as such should be required reading for a great many doctors, nurses and 
hospital administrators. 

There is a brief but good discussion of the types of play suitable toyarj^- 
ing types of situations such as that of the general ward, isolated, chronically 
ill, and preoperative patient. The references to more detailed special works 
and the list of suitable and popular books for the library are verj’^ helpful. 


Conditioned Reflexes and Psychiatry (Vol. 2 of Lectures on Condi- 
tioned Reflexes). By Ivan Petrovitch Pavlov, Late Director, Physio- 
logical Laboratories, Institute of Experimental Aledicine and Academy 
of Sciences, Leningrad; Late Professor of Physiology, Military Medical 
Academj’^, Leningrad, etc. Translated and Edited by W._ Horsley 
Gantt, M.D., B.Sc., Medical Director, Leningrad Unit American Relief 
Administration, 1922-23; Coworker in Pavlov's Laboratorj’-, Institute of 
Experimental Medicine, 1925-29; Associate in Psychiatry and Director 
Pavloidan Laborator}’', Johns Hopkins University. Vol. 1, with the 
collaboration of G. Volborth, M.D., Former Assistant to Professor Pav- 
lov at the Militarj" Medical Academy; Professor of Physiolog}^ UnivCTsfly 
of IQiarkov, and an Introduction by Walter B. Cannon, M.D., 
George Higginson Professor of Phj^siologj’’, Harvard University. Pp- 
Vol. 1, 414; Vol. 2, 199. Illustrations, Vol. 1, 9; Vol. 2, 7. New York: 
International Publishers, 1941. Price, Vol. 1, S3.50; Vol. 2, S4.00. 

For those who have read “Conditioned Reflexes, An Investigation of 
the Physiological Activity of the Cerebral Cortex,’’ the present volume 
suffers by comparison. The former book is a clear, systematic presentation 
of an important series of researches. It includes speculation of which the 
validity may at times be questioned, yet always supported by impressive 

e,xperimental eiridence. _ _ „ . , , x 

“Conditioned Reflexes and Psychiatry" is a collection of lectures oon- 
ously never planned as a series. Since each was delivered to a different 
audience, the introductorj’^ r&umg of earlier work, essential m presentation 
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from the platform, becomes tedious to the reader through recurrence. Too 
seldom has the translator deleted such material. He has preferred literal 
rendition to clarity and grace of style. The admirable introduction bears 
ample internal evidence that the choice was imposed solely by reverence 
for the author. It will be deprecated by the reader primarily concerned 
with the subject; yet appreciated for retaining the full flavor of the vivid 
personality of the great physiologist. 

A more serious stricture is the almost complete absence of protocols, 
such as these which formed the backbone of the earlier book. Instead a 
relativel}'’ small number of experimental results are offered in support of a 
superstructure of theory which totters perilous^ far from its foundations. 

G. McC. 


Optical Activity and Living Matter. (No. 2 of a series of Monographs 
on general plij’^siology, edited by B. J. Luyet). By G. F. Gauss, Profes- 
sor of Experimental Biology, University of Moscow. Pp. 162; 18 illus- 
trations. Nonnandy, Mo.: Biodynamica, 1941. Price, $2.75. 

An editorial preface to this second in a series of monographs on general 
physiologj’’ ventures the suggestion that the optical activity of living mate- 
rial has not received attention among American biologists commensurate 
with its importance. The author has summarized adequately and com- 
pletely the imposing literature on the structure and activity of living sys- 
tems as related to the asymmetric configuration of their constituents. 
Fundamental questions concerning the origin, maintenance and inheri- 
tance of the so-called “natural" stereoisomers are presented concisely and 
speculated upon with a refreshing clarity obscured only infrequently by 
the author’s apparent teleology. 

The book is of value to biologists, physiologic chemists, and those en- 
gaged in fundamental medical research. Practicing physicians will find it 
readable, absorbing and informative; particularly will they appreciate the 
concise, restrained manner in which Professor Gause has presented the back- 
ground of the recent controversy concerning the reported appearance of 
unnatural isomers in neoplasms. It is unfortunate that this definite con- 
tribution to our biologic literature will probably not receive the audience 
it deserves. L. C. 


Accidental In.iuries. The Medico-Legal Aspects of Workmen's Com- 
pensation and Public Liability. By Henry H. Kessler, M.D., Ph.I)., 
F.A.C.S., Medical Director, New Jersey Rehabilitation Clinic; Formerlj'’ 
Medical Adviser, New Jersey Workmen's Compensation Bureau, etc. 
Pp. 803; 202 illustrations. Second Edition, enlarged and thoroughlj^ 
revised. Philadelphia; Lea & Febiger, 1941. Price, $10.00. 

'This book, which first appeared in 1931, is thoroughly revised in this 
edition. It is written from the point of view of a compensation adminis- 
trator. In the first portion of the book, he has brought up to date the 
comparison of the various compensation laws as they relate to medical 
and hospital servdees. It is interesting to note that for every dollar paid 
for compensation and handled by stock companies, 42 cents goes to the 
carrier, 38 cents for cash compensation, and 20 cents for medical and 
hospital services. 

Included in the book are many diagrams which serve to show at a glance 
the subject which the author wishes to emphasize. A very thorough sec- 
tion is given on examination and estimation of disability. A new chapter 
on the eye has been added bj^ Dr. A. Rados. 

This book, written largely by one man, is a statistical compilation and a 
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r(5sum6 of experience in tlie relation of accidental injuries to disease. It 
Hhould prove extremely valuable to physicians doing compen.sation work, 
to insurance carriers, to compensation lawj-ers and to others interested in 
the relation of injury to disease. L F. 


NEW BOOKS. ■ 


Fimctional Padiology. By Leopold Lichtwitz, M.D., Chief of the Medi- 
cal Division of the Montefiore Hospital; Clinical Professor of Medicine, 
Columbia University. Pp. 567; 157 illustrations. New York; Grune 
& Stratton, Inc., 1941. Price, S8.75. 

The Pclina. The Anatom 3 ' and the Histologj' of the Retina in Man, Ape, 
and Monkej', Including the Consideration of 'ib’sual Functions, the 
Histor 3 ’^ of Ph 3 ’siological Optics, and the Histological Laboratory Tech- 
nique. B 3 ’' S. L. Polyak, M.D. A Fiftieth Anniversary Publication of 
The Universit 3 ' of Chicago Press. Pp. 607; 100 illustrations (1 in color). 
Chicago; The Universitj' of Chicago Press, 1941. Price, 810.00. 

The Proceedings of The Charaka Club. Volume X. Post Multa Virtus 
Opere La.\'are Solet. Pj). 260; illustrated. Baltimore; Tlie Williams 
& Wilkins Compan}', 1941, for Tlie Charaka Club. Price, .$5.00. 

Eye Hazards in Industry. Extent, Cause and Means of Prevention. By 
Louis Resn'ick. Pp. 321; 33 illustrations. New York; Columbia Uni- 
versity^ Press, 1941, for National Society’’ for the Prevention of Blindness. 
Price, S3.50. 


From Cretin to Genius. By Dr. Serge Voronoff. Pp. 281. New York; 
Alliance Book Corporation, 1941. Price, 82.75. 

Nutritional Deficiencies. Diagnosis and Treatment. Byr John B._ You- 
MANS, A.B., h'l.S., M.D., Associate Professor of Medicine and Director 
of Post-Graduate Instruction, Vanderbilt University' Medical School, 
Nashville. Assisted by' E. White Patton, M.D. Pp. 385; 14 iljustra- 
tions. Philadelphia; J. B. Lippincott Company', 1941. Price, $5.00. 

Better Nursing for America. By Beul.ah Ajiidon. (Public Affairs Pamph- 
let, No. 60, 1941.) Pp. 32; illustrated. New York; Public Affairs 
Committee, Inc., 1941. Price, 10c. 

Sex Life in Babylonia. By' Edwtn W. Hirsch, M.D. (From the Urologic 
and Cutaneous Review, Sept., 1941.) Pp. 38. Chicago: Researca 
Publications, 1941'. 

Simis. By' Russell Clark Groto, M.D. Pp. 188; 16 illustrations. New 
York; Alfred A. Knopf, 1941. Price, 82.00. 

The Man Who Lived for Tomorrow. A Biography' of William Hallock 
Park, M.D. Pp. 507; 1 illustration. New York; E. P. Dutton & Co., 
Inc., 1941. Price, 83.75. 

Pneumoconiosis [Silicosis). The Story of Dusty Lung's. _ A Frehminap' 
Report. By Lewts Gregory Cole, M.D., Director of Silicotic Research, 
John B. Pierce Foundation, New York City, and WilliaiiI Gregory 
Cole, M.D., New York City. Pp. 21; illustrated. New York; John 
B. Pierce Foundation, 1940. 

The Valve of Health to a City. Two Lectures Delivered in 1873 by Max 
VON Pettenkofer. Translated from the German, w'ith an Inteoductio 
by' Henry E. Sigerist. Pp. 52; 1 illustration. Baltimore; Tlie John 
Hopkins Press, 1941. Price, 81.00. 

A. reprint (Bull. Hist. Med., 10, 473. 1941) of t'vo of Pettenkofer's lectures that 

were important in advancing the .subjects of modern public health and me 


economics. 



NEW EDITIONS 


133 


Social Influences Affecting the Behavior of Young Children. By Ruth 
Peabson Koshuk. (Volume VI, No. 2, Serial No. 28.) The Hearing 
of School Children. A Statistical Study of Audiometric and Clinical 
Records. By Antonio Ciocco, and Caeboll E. Palmeb, Division of 
Public Health Methods, National Institute of Health, Bethesda, Md. 
(Volume VI, No. 3, Serial No. 29.) (Monographs of the Society for 
Research in Child Development.) No. 28, 71 pages; No. 29, Pp. 77; 
14 figures and 40 tables. Washington, D. C. : Society for Research in 
Child Development, National Research Council. Price, $1,00 each. 
Xanthoma, and Other Dyslipoidoses. By Fbed D, Weidman, M.D., L. 
Napoleon Boston, M.D., Joseph Stokes, Jb., M.D., Howaed W. 
ScHAFFEB, M.D., Walteb Feeeman, M.D., and F. W. Sundebman, 
M.D., Philadelphia. Pp. 195; illustrated. Philadelphia; University of 
Pennsylvania Press for the Authors, 1941. Price, $3.00. 

The Medical Clinics of North America, Volume 25, No. 6, November, 1941. 
Military Medicine. Three Year Cumulative Index, Volumes 23, 24 and 
25 (1939, 1940 and 1941). Pp. 417; 49 illustrations. Philadelphia: 
W. B. Saunders Company, 1941. 


NEW EDITIONS. 

Infant Nutrition. A Textbook of Infant Feeding for Students and Practi- 
tioners of Medicine. By Williams McICim Maebiott, B.S., M.D., Late 
Professor of Pediatrics, Washington University School of Medicine; 
Physician in Chief, St. Louis Children’s Hospital. Revised by P. C. 
Jeans, A.B., M.D., Professor of Pediatrics, College of Medicine, State 
University of Iowa, Iowa City, Pp. 475; 31 illustrations,^ Third Edi- 
tion. St. Louis: The C. V. Mosby Company, 1941. Price, $5.50. 

Diseases of Women. By Habey Stubgeon Cbossen, M.D., F.A.C.S., 
Professor Emeritus of Clinical Gynecology, Washington University School 
of Medicine; Gynecologist to the Barnes, St. Louis Maternity and St. 
Luke’s Hospital, etc., and Robeet Jambs Cbossen, A.B., M.D., Assistant 
Professor of Clinical Gynecology and Obstetrics, Washington University 
School of Medicine; Assistant Gynecologist and Obstetrician to the 
Barnes and the St, Louis Maternity Hospitals, etc. Pp._948; 1127 illus- 
trations, many in color. Ninth Edition, entirely revised and reset. 
St. Louis: The C. V. Mosby Company, 1941. Price, $12.50. 

Medical Diseases of War. By Sir Aethub Huest, M.A., D.M. (Oxon.), 
F.R.C.P,, Lieutenant-Colonel, Late RA.M.C.; Lecturer on Clinical 
Medicine, University of Oxford, and Consulting Physician to Guy’s 
Hospital, etc. With the cooperation of H. W. Baebeb, M.A., M.B. 
(Cantab.), F.R.C.P., Physician-in-Charge of the Skin Department, 
Guy’s Hospital, H. B. F. Dixon, M.C., M.D. (Dub.), D.T.M. and H., 
F.R.C.P., Lieutenant-Colonel (temporary Colonel), R.A.M.C., F. A. 
Knott, M.D. (Lond.), M.R.C.P., Bacteriologist to Guy’s Hospital, 
T. A. Ross, M.D. (Edin.), F.R.C.P., Late Medical Director of Cassel 
Hospital for Functional Nervous Disorders, and Aknold W. Stott, 
M.A. (Cantab.), F.R.C.P., Colonel, R.A.M.C., Late Consulting Physi- 
cian to the British Expeditionary Force; Physician to Westminster 
Hospital. Pp. 427 ; 48 illustrations. Second Edition. Baltimore: The 
Williams & Wilkins Company, 1941. Price, $5.50. 
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GLOMERULONEPHRITIS. 

Limitations. The investigations of Briglit, Volliard and Fahr, Addis 
and many others have established the clinical and pathologic features 
that characterize the entity called variously glomerulonephritis, hemor- 
rhagic nephritis or hemorrhagic Bright’s disease. These features are 
too well known to require further elaboration. Altliough the picture 
as a whole is generally agreed upon, unanimity of opinion is not com- 
plete as to the precise criteria for diagnosis either pathologically or 
clinically. By means of special stains, Bell'®” has observed swelling of 
glomerular endothelium in kidneys from patients dying as a result of a 
great variety of diseases, and is led thus to conclude that there is no 
sharp histologic distinction betrveen subclinical and clinical acute glo- 
merulonephritis. From the clinical standpoint, Murphy and Rastetter^ 
have stated that if the classic textbook picture of hematuria, hyper- 
tension and edema is regarded as essential for a diagnosis of acute 
nephritis, then many milder forms will pass unrecognized, and not until 
years later when chronic nephritis has set in will the true significance 
of the mild early episode become apparent. These authors followed 
the course of 150 patients diagnosed as having acute glomerulonephritis 
on the basis of albumin, red blood cells, casts and pus cells in the urine 
for one week or more, wthout necessarily having edema, azotemia or 
hypertension. The high incidence of unfavorable outcome (15.3 % died, 
35.3 % became chronic) is evddence of the seriousness of the renal lesion 
in these patients. Some doubt has also been cast on the existence of 
the benign type of nephritis knonm as acute focal glomerulonephritis. 
According to Volhard and Fahr, this type of nephritis is a symptomless 
hematuria, occurring at the height of an acute infection, without edema, 
azotemia, hypertension or oliguria, and noth a uniformly good prog- 
nosis. In a careful long-term study of more than 300 cases of nephritis 
in childhood, Payne and Illingworth®“ were unable to distinguish 
between focal and diffuse acute glomerulonephritis on the basis of the 
criteria mentioned. 



JIEDICINE 


135 


Baehr,® on the other hand, regards tlie viewpoint of Bell as a mis- 
interpretation of a common postmortem finding analogous to the clini- 
cal error of diagnosing glomerulonephritis merely because of the pres- 
ence of albumin and casts or of red blood cells in the urine. He believes : 
1, that glomerulonephritis in its sicute form is a sharply circumscribed 
entity; 2, that it is part of a disease of the body as a whole; 3, that its 
clinical manifestations can be related to characteristic pathologic phe- 
nomena in various parts of the body; and 4, that the disease has a 
specific etiology and pathogenesis. 

As regards tlie relationship of nephrosis to nephritis, controversy 
continues between the two scliools of thought,^® 

Pathogenesis. The types of infection preceding the onset of acute 
glomerulonephritis in 976 cases collected from the literature®® are as 
follows: sore throat, and tonsillitis, 32.1%; upper respiratory infec- 
tion, 24.4%; scarlet fever, 6.4%; otitis and sinusitis, 5,7%; skin infec- 
tions, 4.1%; pneumonia, 4%; rheumatic fever, 1.7%; miscellaneous, 
10.3%; and infection unknown, 11.3%. Thus, infections of the upper 
respiratory tract including scarlet fever account for 69% of the cases. 

Although other organisms such as the pneumococcus'®-®^ and Strej^ 
iococcus viridans^ have been related to the etiology of acute glomerulo- 
nephritis, in most instances the hemolytic streptococcus has been in- 
criminated. Not only have increased titers of antistreptolysin been 
found in serum, but in one series'*®® this oi-ganism has been recovered 
by culture in 90% of cases. Furthermore, there is evidence that the 
streptococcal infections preceding glomerulonephritis are usually of the 
“deep” tj'^pe®® in at least two-thirds of the cases,®® as opposed to the 
superficial type of infection preceding rheumatic fever. 

The e.xact manner in which the hemolytic streptococcus produces its 
effect on the kidney has not been established. The studies which maj'' 
throw some light on this question have been reviewed by Longcope.^®® 
There is no evidence to show that the lesions are set up by direct infec- 
tion of the kidneys, nor exclusively by the action of toxins. The 
interval of time between the onset of infection and the appearance of 
the first symptoms of nephritis varies from 3 to 28 days, the average 
falling on the tenth or eleventh day. This latent period suggested to 
Schick and to others a similarity to the incubation period of serum dis- 
ease. Furthermore, following exacerbations of glomerulonephritis, this 
prodromal period is shortened to a few days,^®®-®® calling to mind the 
accelerated reaction following a second injection of serum. Baehr® 
has pointed out that, in subacute bacterial endocarditis due to the 
Strejitococcus viridans, some immunologic reaction is necessary for the 
production of nephritis. Whereas, true diffuse nephritis is seldom seeji 
in cases that have remained bacteriemic until death, 33|% of those 
patients who have killed off their bacteria and entered the bacteria-free 
stage die as a result of typical diffuse glomeruloneplrritis. 

In the past many investigators have attempted to reproduce glomeru- 
lonephritis in experimental animals by the use of streptococci or their 
products. The results have not been consistent and where nepliritis 
has been produced it has not borne close resemblance to the disease 
in humans. The type of glomerulonephritis Avhich at present is receiv- 
ing most attention is that obtained by the injection of nephrotoxic 
sera. Introduced by Lindeman in 1900, this method has recentlv 
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lieen studied in tlic rabbit by Masugi and others, in the rat,’’* and in 
the dog,*'"'^ Organ-speeific antismim is prepared in another species 
(duck, hen, and so on) by injections of perfused and washed kidney 
tissue of the test species,_and subsequently injected into the test animal. 
-After a latent period which is short for the rat but longer for the rabbit 
and dog, renal injury becomes evident, and with repeated injections 
may progre.ss fatally. Although it has been stated’^ that nephrotoxic 
nephritis is a true antigen-antibody reaction and not due to antibodies 
to blood proteins, Kay'"’' has presented evidence indicating that this 
simple explanation is insufficient and that an immune response to the 
donor’s serum also plays a role. He found that inhibition of these 
antibodies by Roentgen irradiation pre\’ented the nephritis, whereas 
prior injection of donor serum accelerated the reaction. 

The studies mentioned above have all involved nephrotoxic sera pro- 
fluced in a heterologous species. Schwentker and Comploier,®^ employ- 
ing the method of Biirk^y'® for rendering liomologous organs antigenic, 
have produced antikidney antibodies in rabbits by the injection of 
homologous kidney to which streptococcic to.xin had been added. Hav- 
ing shown that homologous antikidney antibodies could be produced 
in the e.\'perimental animal, these investigators tested the sera of 
humans and found antibodies to rabbit kidney in 92 % of patients with 
scarlet fever as against only 10% in normals. This suggests the possi- 
l)ility that, as a result of scarlet fever, patients may develop antibodies 
to their own kidneys. It is of interest at this time to recall that whereas 
full-blown glomerulonephritis is said to follow in less than 5% of cases 
of scarlet fever,®* Lyttle'*’" has demonstrated by the Addis technique’" 
that many patients during recovery from scarlet fever show a transient 
but often significant increase in the e.xcretion of albumin, casts, leuko- 
cytes and red blood cells in the urine. 

The production of glomerulonephritis in rats by the subcutaneous 
injection of plasma, serum or their ultrafiltrates from patients wth 
glomerulonephritis has been reported by Schober,** and interpreted by 
him as demonstration of a toxic principle which is the cause of glomeru- 


lonephritis. 

A consideration of certain biologic differences between glomerulo- 
nephritis and rheumatic fever has been presented by Seegal and Earle. 
Their summary is as follows: 1, Although both diseases appear to be 
initiated by Group A hemolytic streptococcal infection, the geographic 
incidence of acute glomerulonephritis is similar for all latitudinal 
regions in North America, whereas the incidence of rheumatic fm'er is 
less frequent in the southern than in the northern latitudinal regions of 
North America. 2, -Although twice as many males as females contract 
glomerulonepliritis, this sex variation is not apparent in rheumatic 
fever. 3, The preceding clinical infection in acute glomerulonephritis 
is a “deep” hemolytic streptococcal infection in at least two-thirds of 
the cases, in contrast to the usual superficial pharyngitis preceding the 
onset of rheumatic fever. 4, There is a distinct shortening of the latent 
period following infection in the exacerbations of chronic nephritis, as 
compared with that in acute glomerulonephritis. This shortening or 
the latent period in exacerbation or relapse is absent in rheumatic fever. 
5 Relapse, while a rarity follo-udng the healed state of acute glomerulo- 
nephritis, is a common if not regular occurrence following the rheumatic 


episode. 
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Pathologic Anatomy. Dissatisfied with the two-dimensional picture 
of the pathologic anatomy of chronic Bright’s disease as revealed in 
histologic sections, Oliver has undertaken a study in three dimensions 
by the methods of: 1, micro-dissection, and 2, the .construction of 
models from serial sections. The results of his long and fruitful labors 
are published in a beautifully illustrated monograph.®® There appears 
to be a striking similaritj*^ in the architecture of all forms of contracted 
kidneys no matter what combination of initial processes has produced 
the ultimate deformity. The alterations in structure involve the 
nephron, the vascular system and the interstitial tissue. As regards 
the nephron, two forms are predominant, the hypertrophic and the 
atrophic, although a single nephron may show either of these processes 
in different areas along its length. The hypertrophic nephron is charac- 
terized by marked hypertrophy and hyperplasia of the proximal con- 
volution, especially in its terminal segment. The increase in relative 
volume may become as high as 10 times the normal. The glomeruli 
of such tubules may be decreased in size or, indeed, absent, as in the 
nephrons of the aglomerular kidneys of certain fish. Ev-^en in these 
agloinerular tubules, the cells retain the morphology of functioning 
cells, and differ greatly from the flattened cells of tubules that are pas- 
sively dilated as a result of obstruction distally. The author is ex- 
tremely cautious in interpreting the significance of these hypertrophied 
proximal convolutions, but increased function seems likely. The 
structure of the atrophic nephron is less complex, there being general 
reduction in size of all parts. In addition to aglomerular tubules, 
atubular glomeruli are found, and there may be interruptions of the 
continuity of the nephron at other points along its course, with appar- 
ent survival of the segments. The distal convolution as a result of 
its functional and structural characteristics is the site of early occlusion 
with debris and, by this stoppage, it may become the point of origin 
of a distortion of the entire nephron. 

The transformation of the architecture of the arterial tree is equally 
profound. The well-known changes in the afferent arterioles and the 
glomerular capillaries are evident, but there is an alteration of even 
greater significance involving Ludwig’s vessel. This vessel, arising from 
the afferent arteriole, serves to shunt blood directly to the peritubular 
capillary plexus, avoiding passage through the glomerulus. Whereas 
in the normal kidney Ludwig’s vessels are few in number, they are 
found with significant frequency in all forms of terminal Bright’s 
disease. The demonstration of this compensatory blood supply to the 
tubules in kidneys in which the glomerular capillary bed has been 
blocked appears to soh-^e a problem that has long taxed the ingenuity 
of pathologists. 

Judging from the architectural pattern of the contracted kidney of 
Bright’s disease, Oliver cannot escape the conclusion that there must 
have occurred a shift in the normally predominating glomerular func- 
tional balance towards a condition of increased tubular elimination. 
The structural evidence which compels this conclusion is dependent 
on the demonstration of: 1, aglomerular tubules; 2, marked hyper- 
trophy and liyperplasia of proximal convolutions; and 3, a shift in the 
circulation of the blood from a primarily glomerular distribution to a 
direct tubular supply. 
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Bell has recorded his findings in 110 cases of acute nepiiritis*^" and in 
181 cases of subacute and chronic glomerulonephritis, including lipoid 
nephrosis.’^^ lie objects to the usual tendency of writers to discuss 
acute nephritis as a clinical entity assuming the underlying pathologic 
process jn the entire group to vary only in intensity and not in character. 
He divides acute glomerulonephritis into 7 types and 2 of these into 
additional subtypes. The initial glomerular lesion in the most common 
type, which he calls acute proliferative glomerulonephritis, is described 
as consisting of an increase of endothelial cells and a splitting and frag- 
mentation of the central capillarj’^ basement membranes in the interior 
of the lobules, the latter being demonstrated by means of special stains. 
Azotemic glomerulonephritis is characterizccl by obstruction of the 
glomerular capillaries whereas in hydropic glomerulonephritis (lipoid 
nephrosis) the capillary walls are injured but the lumens remain open. 
This last type of lesion is considered characteristic of membranous 
glomerulitis. 

Physiology of the Kidney. A somewliat abbre-\'iated summary of 
the current concept of the physiology of the kidney as contained in the 
writings of Smith, Richards'^ and Hayman^' seems in order at thi.s 
point. The beginning of urine formation in man “ eonsists in the sepa- 
ration of the protein-free filtrate of plasma by a purely physical process 
of filtration, the energy being derived from the heart. As this filtrate 
flows do\ra the tubule, it is elaborated by the active reabsorption of 
water, glucose, chloride, sodium and other substances, by the diffusion 
of a fraction of such waste products as urea and uric acid back from 
, lumen to blood as a result of the concentration gradient established by 
the reabsorption of water.”*'^ In addition, such foreign substances as 
phenol red (phenolsulphonephthalein), Hippuran and Diodrast are 
secreted by the tubule cells, as is creatinine under certain circumstances, 
and presumably ammonia and hippuric acid. In amphibia, the reab- 
sorption of sodium chloride appears to be a definite function of the 
distal convoluted tubule, whereas glucose is reabsorbed almost entirely 
by the proximal tubule. Although some reabsorption of water occui's 
throughout the tubule, evidence indicates that it is maximal in the thin 
segment.'^'^ 

Inulin, a polysaccharide of high molecular weight, is eliminated 
entirely by glomerular filtration and is neither excreted nor reabsorbed 
by the tubules. ''■* Consequently, its rate of excretion divided by the 
plasma concentration will be equal to the volume of the glomerular 
filtrate. Measured in this way, the average rate of glomerular filtra- 
tion in the ideal man (1.73 sq. meters) is about 120 cc. per minute.' 
The filtration rate in normal man is essentially constant, and regulation 
of water excretion is effected primarily by regulation of the fraction of 
water reabsorbed by the tubules. When creatinine is determined by 
newer analytic methods, the endogenous creatinine clearance is found to 
be equal to the inulin clearance and its use as a measure of glomerular 
filtration is advocated.'^' Simultaneous determination of the clearance 
of inulin and some test substance will enable one to calculate the degree 
of reabsorption or excretion of the test substance by the tubules. Thus 
the urea clearance is less than the creatinine clearance, indicating that 
urea reenters the blood from the tubule; on the other hand,_ the clear- 
ances of exogenous creatinine, phenol red, Hippuran and Diodrast are 
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greater, indicating that these substances must in part at least be 
excreted by the tubules. Extensive studies based on this pi’inciple 
have been made in humans by Smith. Other investigations have 
shown that the process of tubular excretion of certain substances is 
limited by the circumstance that a given mass of renal tissue can trans- 
port from blood to urine only a fixed, maximal quantity of a particular 
solute per unit time. The measurement of excretion for any one sub- 
stance constitutes therefore a measurement of what may be called the 
“tubular excretory mass ” of the kidneys.^® The maximal rate of excre- 
tion is different for each substance. The highest yet obtained is that, 
of Diodrast, and consequently, the Diodrast clearance may be used to 
express the minimal renal plasma flow, or by calculation the minimal 
renal whole bloodflow, which has been found in man to average 1300 cc. 
per minute.^® By the use of these methods, it has been determined 
that the renal bloodflow is controlled predominantly by the efferent 
glomerular arterioles, these arterioles being normally partially con- 
stricted. Since, with efferent control, an increase or decrease in renal 
bloodflow is accompanied by an inverse change in filtration pressure, 
the filtration rate tends to be independent of the renal bloodflow.^^ 
Information obtained by the above methods in the study of the dis- 
eased kidney will prove valid only if the difference in function between 
the normal and the diseased organ is quantitative and not qualitative. 
That this cannot be tacitly assumed is implied by the anatomic studies 
of Oliver already described,®^ and by his demonstration of the altered 
handling of the dye trypan blue by the tubular cells of the kidney in 
naturally occurring canine nephritis.®® 

Kidney Function Tests. The tests of renal function that continue to 
prove of practical usefulness are the tests of urinary concentration, 
phenolsulphonephthalein excretion and urea clearance less widely 
used is the quantitative study of the urinary sediment by the method 
of Addis.^“ The techniques of the.se procedures can be found in stand- 
ard texts and need not be detailed here. 

Other tests have been recently recommended, such as the ortho- 
tolidine test for hematuria^®--® and a test of the concentrating power 
of the kidney which obviates the necessity of a period of water depriva- 
• tion by the use of pituitrin.™ For determination of the rate of glomeru- 
lar filtration an adaptation of the inulin clearance suitable for clinical 
use has been advanced"*'®- as has also the endogenous creatinine clear- 
ance test, using improved methods for the analysis of ci’eatinine.^" 
Since the product of the plasma creatinine times the glomerular filtra- 
tion rate is found to be relatively constant, a simple method for estima- 
tion of the glomerular filtration rate is suggested, that is, by dividing 
86 by the plasma ci’eatinine concentration.^^ Others consider the level 
of the plasma creatinine alone to be a sensitive index of kidney function.® 
Pathologic Physiology of Glomerulonephritis. Recent additions to 
our knowledge of the pathologic physiology of glomerulonephritis have 
been obtained chiefly as a result of the application of new methods to 
the study of old problems, although, as might be expected, new prob- 
lems have been unearthed in so doing. 

The investigations of Burclfi® explain why edema may appear first in 
the eyelids when there is a cause for generalized edema such as glomeru- 
lonephritis, and why it should accumulate during sleep. Whereas the 
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subcutaneous tissue pressure in the lower eyelid is approximately the 
same as that of the volar surface of the forearm the skin distensibility 
of the eyelid is much greater, anf! the subcutaneous tissues can accommo- 
date a much greater volume of injected fluid for the same rise in tissue 
pressure. Direct studies indicate that linear rate of lymph flow in the 
eyelid is decreased by assuming the recumbent position and by lack of 
blinking, thus explaining tlie appearance during sleep and the disap- 
pearance on waking and rising. Also, the venous pressure in the eyelid 
is greater in the recumbent position than in the erect. Experiments 
in dogs suggest that tlic lower lid serves as a rcserv'oir to take care of 
any increase in volume of interstitial fluid within the entire orbit. 

The presence of an antidiurctic factor detectable by rat bio-assays 
in the \irine of patients with acute nephritis, the nephritic syndrome, 
and other types of edema has been reported.^ In some cases this factor 
was found to be absent after recovery from edema. 

Hypertension in acute glomerulonephritis has been attributed chiefly 
to vasospasm following calorimetric studies of bloodflow during and 
after the hypertensive phase.' The relation of the hypertension of 
glomerulonephritis to the number of patent glomeruli has been investi- 
gated.*^ When less than 700,000 glomeruli per kidney are patent 
(normal 1,250,000), the systolic blood pressure is invariably above 
150 mm. Hg. Below this criticiil level, no correlation is emdent. 

Although it is often stated that the specific gravity of the urine tends 
to be high in acute glomerulonephritis, a special study of this point 
indicates that the capacity of the kidney to concentrate urine may be 
definitely impaired.*^ 

Determinations of the blood volume by' the Gibson-Evans method in 
Bright’s disease** reveal that plasma volume tends to vary directly 
with the serum albumin concentration and blood non-protein nitrogen 
level, and indirectly with the degree of anemia present. The total blood 
volume is below normal in all stages of the disease. When congestive 
heart failure occurs in clironic neplu-itis the levels of plasma and total 
blood volume are above average levels for comparable situations without 
heart failure. 

There seems to be convincing evidence that in the nephrotic state 
protein in the plasma albumin fraction is altered; this has been demon- 
strated by a quantitative precipitin method*® and by electrophoretic 
analysis.'*® Similar alteration in urinary albumin has been observed. 
The significance of the albumin-globulin ratio of serum in the light of 
newer knowledge of the serum-protein complex has been considered m 
a recent report.** 

Parr has summarized his many contributions to the understanding 
of protein metabolism in the nephrotic child.** The minimum nitrogen 
requirement necessary to insure positive nitrogen balance has been 
found to be 2.5 gm. of protein per kilo ideal body weight, nitrogen 
assimilation reaching a maximum at 3.5 gm. Dietary protein at the 
level 2.5 to 3.5 gm. per kilo ideal body weight over periods up to 6 years 
produced no deleterious effects on kidney fimction. Although feeding 
an optimal protein diet might be followed by positive nitrogen balance 
and freedom from edema, rise in plasma-protein concentration was no 
regularly produced. A period of negative nitrogen balance even on 
optimal diets was observed to precede acute clinical episodes tcrnief 
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“nephrotic crises” with or without demonstrable infection such as 
pneumococci bacteriemia or peritonitis. Since transfusion therapy 
failed to alter the outcome, study of other factors in nitrogen metabol- 
ism was undertaken. For the first time it was demonstrated that the 
nephrotic patient e.xhibited a persistent hypo-amino-acidemia, with 
acute hypo-amino-acidemic crises accompanied by severe clinical mani- 
festations when the level of plasma amino-acid nitrogen fell below the 
critical level of 2.5 mg. per 100 cc. A sharp rise attended clinical 
recovery. Amino-acid therapy by means of casein hydrolysate in- 
jected intravenously up to 2.25 gm. amino-acids per kilo ideal body 
weight per da 5 '- did not influence the chronic hypo-amino-acidemia nor 
the hypo-proteinemia in spite of the fact that the casein hydrolysate 
was not excreted in the urine but was retained and utilized and was 
capable of replacing up to 57% of dietary protein nitrogen. In the 
crises of acute hypo-amino-acidemia, on the other hand, casein hydro- 
lysate was of great clinical benefit and by -this mode of treatment alone, 
without serotherapy or chemotherapy, mortality was reduced from the 
previous figure of 66 % to zero in 11 cases of pneumococcal bacteriemia. 

Studies of the mineral metabolism in chronic nephritis^^ have re- 
emphasized the possible harmful effect of diets high in sodium in pro- 
moting retention of fluid and elevation of blood pressure. The acid 
ions, phosphate and sulphate, whereas they promote diuresis and lower- 
ing of blood pressm'e, may lead to acidosis and an aggravation of the 
renal state, and are to be avoided in the terminal stages of nephritis. 

The possibility that the azotemia of renal insufficiency might be due 
to normal or increased reabsorption by the tubules in the presence of 
decreased glomerular filtration has been denied as a result of experi- 
ments in which the urea clearance was studied simultaneously with the 
inulin or endogenous creatinine clearance.®’-^’^^ 

Harrison and Mason^® have reviewed the pathogenesis of the uremic 
syndrome. The various theories which have attempted to explain the 
manifold symptoms of uremia on the basis of some single toxic compound 
are not supported by adequate proof. The etiology is undoubtedly 
multiple. A known and definite role in the pathogenesis of uremia can 
be ascribed to a few substances. Calcium ion deficiency as a result of 
the retention of products forming un-ionized calcium salts is concerned 
in the initiation of motor irritative phenomena; phenol derivatives are 
related to the stuporous state; accumulations of organic and inorganic 
acids, as well as loss of base, play a role in the production of respiratory 
disturbance; depletion of chloride and of water increases the catabolism 
of protein and at the same time impairs further the ability of the body 
to excrete the resulting metabolites. There is strong evidence that 
other substances are also of pathogenetic significance. Guanidine-like 
compounds occur in excess in the blood and seem to play a role in the 
production both of motor irritative phenomena and of gastro-intestinal 
disturbances. Urea accumulation may be harmful either by initiating 
excessive fermentation in the alimentary tract, or by interfering wuth 
the processes of detoxification. As an index of uremia, a high xantho- 
proteic reaction of the blood and a high indican content are considered 
more valuable than the level of the blood-urea nitrogen."*- 

Clinical Aspects. As stated by Longcope^®*, “a knowledge of the natural 
history of any disease is best obtained by observing the process from its 
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onset through the subsequent phiises of its activity to its termination 
in recovery or in death. This method is a difficult one to pursue in a 
condition such as nephritis .... which may last for manj’' years.” 
Certainly in no other disease is an understanding of the natural history 
of greater importance than in glomerulonephritis, with its tendency 
towards e.vplosive or insidious onset, prolonged latency or chronic 
activity, and eventual healing or fatal termination. Of great aid in 
portraying this picture is the familiar diagram of .‘Vddis'^ or its modi- 
fications : 

^Latent— ►Healed 
Initial^ if 

^Aetivc— *Terminal 

Acute glomerulonephritis may occur at any age but is more common 
in childhood than in adult life. The ratio of males to females is 2 to 1.®* 
Rarelj'glomerulonepliritisma 3 '’appearinseveralmembersofonefamily.®' 
In Longcope’s series’’^ of 141 patients, chiefly' adult, the disease com- 
menced with the tj’pical acute onset in 87.5 % and insidiouslj’ in 12.5 %. 

In nephritis of acute onset, the predominance of one or another 
finding justifies the division into sj’ndromes®^ as follows; a, urinary 
sjmdrome; h, hj’pertension ; c, edema; d, nitrogen retention; and c, true 
uremia. The incidence of certain manifestations in two series®®’^ re- 
spectivelj- is; gross hematuria, 40%, 32%; edema, 58%, 57%; nitrogen 
retention, 43%, 44%; and uremia, 7%, 7%. 

The hypertensive syndrome might Avell be called the cardiovascular 
sjmdrome, for manj^ recent studies^®'®®'^’*® have emphasized the impor- 
tance of cardiac insufficiencj' in acute nephritis. It is not necessarily 
related to arterial hypertension and may be recognized by dyspnea, 
pulmonary congestion, cardiac enlargement, gallop rhythm, elevation 
of venous pressure, slowing of the rate of circulation, enlargement of 
the Roentgen shadow of the heart and changes in the electrocardiogram. 
Circulatory insufficiency has been noted in 53 of 59 severe and in 12 of 
35 mild cases of acute glomerulonephritis.®® The electrocardiographic 
findings, summarized by Williams®* from 15 personal cases and 70 cases 
from the literature, consist chiefly in lowering or inversion of T waves, 
prolongation of the P-R interval and slurring of QRS. No correlation 
could be established between the occurrence of these changes and tbe 
signs of cardiac or renal insufficiency.®* The mypeardial involvement 
in acute nephritis is considered by some®® to be an expression of the 
widespread capillary damage occurring in this disease. 

The characteristics of glomerulonephritis of insidious onset, without 
knovTi antecedent infection, have been presented by Longcope.*®® Ad- 
mitting that this t^qie might quite possibly represent simply the active 
stage in the progress of glomerulonephritis of unrecognized onset, on 
the other hand, there would seem to be certain differences which dis- 
tinguish this from the ordinary type, namely^ a higher rate of unfortu- 
nate outcome, a lower incidence of skin reactions to streptococcal fil- 
trates, and a lower incidence of elevated antistreptolysin titers.*®® 

An important feature of glomerulonephritis is the tendency towards 
exacerbations of the disease, usually marked an abrupt increase in 
hematuria. As emphasized in a recent study®® such exacerbations are 
almost invariably preceded by some infection, usually with Group - 
streptococci. Curiously, in this study, reduction of renal function m 
such flare-ups was not invariable and seldom permanent. 
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Following the acute phase of glomerulonephritis latency or chronic 
activity may persist for years and careful study of the urine, blood 
pressure and kidney function at frequent intervals over long periods 
of time may be necessary to determine whether healing or activity is 
occurring, especially in those cases where such decision is not made 
obvious by progression into the terminal stage. 

Prognosis. Collected statistics^®-^^* indicate that the mortality rate 
of acute glomerulonephritis is fairly uniform in all series and averages 
5% to 9%. There is no such uniformity of statistics as regards the 
eventual outcome be3'’ond this stage, except for general accord in the 
better prognosis in childhood. Longcope'^^* estimates the recovery rate 
for children to be 60 % to 75 %, and for adults 40 % to 60 %. The final 
classification as to outcome in any series depends greatly on the length 
of time followed and the completeness of the examination. In 495 cases 
collected from 7 reports^* (followed 6 months to 14 years) the percentage 
of those said to be cured was 43% to 85%, latent 17% to 32%, and 
chronic 4 % to 42 %. 

What are the factors that determine the prognosis in an individual 
case? Addis has stated that in this disease the end is determined by 
the beginning.^' Yet the severity of the acute phase is apparently not 
of importance, except that where a definite infection is known to pre- 
cede the onset of nephritis the prognosis is better.^^ The type of 
infection may have some bearing since it has been shown that healing 
of the renal lesion occurs in 90 % of cases in which the preceding infec- 
tion has involved the skin.^^ As stressed by Addis^*” and others^®-®” 
of great importance in forecasting an unfavorable termination is the 
failure of healing to become apparent within 1 year. The persistence 
of foci of infection is considered by some^®’'*^® to play a role in the pro- 
gression of the renal lesion, and in support of this contention might be 
brought forward the relatively better prognosis where nephritis has 
followed infections of the skin, since the latter can nearly always be 
eradicated. In refutation of those who would remove all infected foci 
is the study of Illingworth^® who failed to find early or late beneficial 
effects of tonsillectomy in 119 children subjected to this procedure dur- 
ing the acute phase of the disease. As has already been mentioned, 
exacerbations of glomerulonephritis are reported to produce only transi- 
ent decrease in renal function in most cases. Thus, there is at present 
no final answer to this most important question of the factors con- 
cerned in the ultimate prognosis of glomerulonephritis. 

Once complete healing of the renal lesion has been accomplished, it 
is most unusual for acute nephritis to recur, even following streptococcal 
infections.^'* 

Treatment. As regards prophylaxis, although the most frequent illness 
antecedent to nephritis is infection of the upper respiratory tract, and 
especially tonsillitis, it has been shovm statistically, that tonsillectomy 
cannot be relied upon to prevent glomerulonephritis, and indeed it may 
even precipitate the development of this lesion.^® It is possible that 
the widespread use of the sulfonamide drugs will reduce the duration, 
the severity, the number of complications and perhaps the incidence 
of hemolytic streptococcal infections, and in so doing reduce the inci- 
dence of acute glomerulonephritis. 

A discussion of the treatment of the disease itself should properly 
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begin with a consideration of the question ns to whetlier or not anything 
can be done to alter the course of the renal lesion once it has become 
established. Some of the factors concerned in this problem have 
already been discussed under the heading of “Prognosis.” Regarding 
removal of foci of infection, little is to be gained by adopting the hope- 
less attitude, and it would seem wise to follow the recommendations of 
those who believe that persistence of infection spells progression of 
nephritis. Investigation of the value of the sulfonamide drugs is in 
progre.ss."'^'"*'^ If there exists an active hemolytic streptococcal infec- 
tion, their use would seem indicated, and sulfanilamide has been given 
in reduced dosage without ill-efl‘cct where the blood level of the drug 
has been carefully watched.'*^ Surgical measures such as mastoidec- 
tomy may become necessary for intrinsic reasons during the acute 
stage, but it is generally considered advisable to defer tonsillectomy or 
drainage of sinuses until the acute manifestations have subsided, since 
an exacerbation at least in the urinary findings, may follow these 
procedures. 

The possibility exists that dietary faetors may play a role in deter- 
mining the course of the renal injury. Although clinical studies-'’-'*®’^ 
have failed to reveal any deleterious effects of proteins, in experimental 
acute renal insufficiency (produced by nephrotoxic serum,’" vena caval 
obstruction,- partial,-' and complete'"* nephrectomy) it has been dem- 
onstrated that diets high in protein are harmful, and may, in certain, 
but not in all, species of rats^ be responsible for progression in nephro- 
toxic nephritis. On the other hand, diets high in carbohydrate have 
been found to be beneficial.'"*’-* The value of the alkaline-ash diet, 
long recommended, has been questioned.®^ Alcohol apparently does 
not aggravate the renal lesion in glomeruloneplrritis.*® 

Except for the enforcement of rest and quiet in all instances, treat- 
ment of the acute attack cannot be standardized. Individual items of 
therapy must be emplojmd with a clear knowledge of the pathologic 
physiology in the particular case at hand. Protein should be limited 
especially when azotemia is of significance. The intake of fluid and 
salt should be restricted when hypertension and cardiac failure are 
prominent, but increased when azotemia is severe. Digitalis may 
prove useful in myocardial insufficiency.*® Magnesium sulphate intra- 
venously or intramuscularly (0.2 cc. of a 25 % solution per kilo) and by 
mouth has proven effective in reducing the blood pressure, apparently 
by combating vasospasm.®* Cerebral edema and con'vulsions may be 
relieved by sedation, spinal drainage, or the administration of 50% 
sucrose intravenously. Severe oliguria and anuria may be serious 
problems and an evaluation of the effectiveness of such measmes as 
diathermy and the intravenous use of hypertonic sugars is difficult. 
The length of time that bed rest should be enforced following an attack 
of acute glomerulonephritis is a matter of judicial individualization. It 
would seem wise to advise bed rest as long as steady improvement 
progresses and to discontinue it only when no further improvement is 


apparent. - t j- tio 

In the chronic active stage of glomerulonephritis including tne 

nephrotic syndrome, edema is usually the most troublesome manifesta- 
tion. Diets liigh in protein (100 to 120 gm. for adulte, 3 gm. per kno 
for children) are necessary in order that protein lost in the urine maj 
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be replaced. The intake of fluid should be restricted and diuretic salts, 
such as ammonium or potassium chloride or nitrate, or ammonium 
sulphate- should be substituted for sodium chloride. The use of acacia 
to promote diuresis has been studied extensively,®^-®®'^-’^® and found to 
be effective and safe if properly employed. Its diuretic effect is attrib- 
uted to the increased excretion of water and chloride that follows its 
injection.®® It may be administered as a 6 % solution of acacia in 0.9 % 
sodium chloride,'*® 500 cc. or 30 gm. being given daily until a total of 
120®*^ to 180 gm.'*® has been given. Before acacia is used, patients should 
be tested carefully for sensitivity.^® Urticarial reactions occur in 10% 
of cases, are usually relieved by epinephrine and are not considered a 
contraindication to further therapy.®* More serious reactions accom- 
panied by dyspnea and chest pain occasionally occur and are indications 
for discontinuance of the injection. Alarming increase in blood volume 
has been observed,^® and fatalities following the use of acacia have been 
reported and attributed to liver damage and the blockage of capillaries 
by conglutination of red blood cells.**® Concentrated human blood serum 
has been found to be an effective diuretic in nephrosis but not in other 
types of renal edema.® As previously mentioned, intravenous amino- 
acid therapy by means of casein hydrolysate is reported to be of great 
value in lowering the mortality of the “nephrotic crisis.”®** 

In the terminal stage of glomerulonephritis with increasing azotemia, 
dietary protein should be limited and fluid intake increased, unless con- 
gestive heart failure is present. Acidosis may be relieved by the use of 
sodium bicarbonate and twitchings may be abolished by the injection 
of calcium salts.®® Hyperphosphatemia with its attendant hypocal- 
cemia may respond to diets low in phosphorus or to the oral adminis- 
tration of aluminum hydroxide which decreases the absorption of 
phosphorus from the bowel.®® Therapy thus is aimed at the relief of 
disturbing symptoms, or, as Page has expressed it in an excellent 
review of the therapy of Bright’s disease,®® “ treatment in the terminal 
stage consists first and foremost in making the patient happy.” 

Edward Matthews, M.D. 
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ELECTRICALLY INDUCED CONVULSIONS IN THE TREATMENT 
OF MENTAL DISORDERS. 

In recent years “shock” treatment of mental disorders has been 
both enthusiastically promoted with optimistic claims and harshly 
condemned as unscientific and barbaric. Careful clinical studies have 
somewhat deflated some of the earlier claims,®^ but have at the same 
time indicated that shock treatment is a valuable method in a more 
limited sphere. It has been emphasized repeatedly that shock treat- 
ment of any sort should be only a small part of the total therapy in any 
case of personality dysfunction. 

While the perfection of certain details in procedure has decreased 
the immediate dangers connected with insulin^®'®- and metrazoP’®'® 
therapy, the serious question of the possibility of later organic brain 
damage is still unanswered. However, despite a lack of carefully con- 
trolled and independently verified investigations of these therapeutic 
instruments in experimental laboratories, widespread clinical applica- 
tion of shock treatment has been made and will no doubt continue for 
some time. The rapid development of shock therapy reflects the in- 
creased concern over the enormous personal, social, and economic 
importance of mental disease in general, a problem of the first magnitude. 

Even with many basic problems of insulin and metrazol therapy still 
undecided,® various other agents of similar nature have been given 
clinical trials. Among these are other convulsant drugs,® inhalation 
of nitrous oxide^^ arid nitrogen,®®-®® and the production of convulsions 
by the application of the electric current. 

Of these, electric shock therapy is the most important and has already 
been given extensive clinical use in mental disorders.®® Although it 
has been reported to present a number of advantages over other types 
of shock therapy, it is noteworthy that reports of therapeutic results 
with electric shock have tended to be more conservative than the 
earlier reports about insulin and metrazol. It should be understood 
that electric shock therapy is a form of convulsion treatment with 
general effects similar to those of metrazol, and that insulin treatment 
is a less acute, more prolonged method in which the production of 
convulsions is not necessarily desirable.’® Chemotherapeutic methods 
of shock therapy were reviewed in these columns in December, 1937,®® 
and in December, 1939.® Other excellent reviews have l^een published 
recently by Katzenelbogen®'® and by Jessner and Ryan.®’ This paper 
deals primarily with electric shock therapy. 
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lor nearly 40 years it has been known that convulsions and uncon* 
sciousness can be produced in animals by the application of electric 
current by various methods,^ and the dramatic accidents with electricity 
in humans are an everyday commonplace. Convulsive seizures of a 
restricted nature Jia\'-e been produced frequently in humans by direct 
electrical stimulation of the brain at operation. Experimentally, the 
use of electrically induced convulsions led to the discovery of the ’anti- 
convulsant effect of diphenylhydantoin by Putnam and Merritt in 
1938.« 

The first therapeutic use of convulsions induced by electric current 
was reported in 1938 at the Medical Academy in Rome by Cerletti and 
Bini, following animal experiments to determine a safe method.®^ Since 
introduction of the treatment into England in the following year and 
more recentl 3 " into this countr^q several different types of apparatus 
have been devised, but all are essentiallj' the same in principle.”’*^’'*'^’®'''®' 

Current is passed through the fronto-temporal regions by way of 
large metal electrodes held firmly in place on each side of the head by 
means of either a light rubber band or large forceps resembling ice tongs. 
Ordinarj-- 110 volt alternating house current may be used as the source; 
the voltage is regulated bj’ transformers, and the duration is regulated 
hy an automatic timer. 

For optimal conduction electrode jelly is vigorously applied to the 
scalp, and the electrodes are covered with cloth jackets soaked in 
strong (20%) salt solution. The centers of the electrodes should be 
placed not further back than the coronal suture and the edges should 
not extend below the orbito-meatal line. The electrodes should be as 
far apart as possible within these limits. This site of application has 
been found to be the most satisfactory;-* it is believed that the frontal 
adversive field (area 6aB of Vogt and Brodmann) is the area with the 
lowest convulsive threshold.*^’-® Application further back might lead 
to undesirable medullary stimulation, and application further fonvard 
has been found to be less efficient.®* Large electrodes with an area of 
30 to 100 sq. cm. are used to prevent liurning of the scalp and are also 
thought to be more efficient than smaller electrodes.®*-®” 

Before application of the shocking current the intactness of the appa- 
ratus is tested bj^ the passage of current through an “ artificial head, ’ 
a conductor of known resistance. Then a trial current of very low 
voltage (0.5 to 1 volt), imperceptible to the patient, is passed through 
the patient’s head to determine the relative resistance of the head. 
The apparent resistance as measured in this manner ranges froin 400 
to 2000 ohms; a resistance of more than 2000 ohms usually indicates 
inadequate contact betaveen the electrodes and the scalp." The actual 
resistance of the head during the passage of the higher voltage shocking 
current is knowm to be considerablj' lower than the resistance determined 
beforehand with the low voltage testing current.®”'®*-®”-®' 

This alteration of the resistance is believed to be due to changes^ in 
the superficial tissues of the head brought about by the higher tension 
cun-ent.®* It has been shown that patients ivith initially high resistance 
have a proportionately greater fall in resistance than patients whose 
resistance is initially rather low.®* _ . 

No true correlation exists between the initial resistance readings ana 
the convulsion threshold of the patient. IMost patients show a shgn 
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day-to-day variation in threshold, and it is usually necessary to increase 
the dosage .of current slightly during successive treatments.^® The 
amount of electricity may be regulated by changing either the voltage 
or the duration of the shock. 

The usual voltage range varies from 70 to 150 volts, and the duration 
of exposure varies from 0.05 to 2 seconds. The amount of current 
passed through the head varies from 300 to 1000 milliamperes, but it is 
said that only about one-hundredth of this amount actually reaches the 
brain.-* A voltage of less than 60 produces a stimulus so small that the 
patient does not lose consciousness and may feel the shock. Although 
shocks of much higher voltage and longer duration than any obtainable 
with the usual apparatus may result in serious damage of the brain, 
it is believed that no harm results from using an overstrength stimulus 
within the above maximal voltage and duration.^® 

The course of treatment is usually started with a setting of 80 to 
130 volts at 0.1 to 0.2 second. If a satisfactory seizure occurs, the same 
setting may be used the next time. If no convulsion at all occurs, 
another stimulus may be given immediately with increased voltage or 
duration, successively stronger shocks being given until a convulsion is 
induced. Hemphill and Walter^* have given as many as six shocks in 
succession without mishap. Rare patients have a very high convul- 
sion threshold (up to 150 volts at 0.6 second), but it is practically always 
possible to secure a convulsion. It is never necessary to use a setting 
of greater than 150 volts. 

With proper procedure there is always instantaneous and absolute loss 
of consciousness following the application of the stimulus,^-'*®® An 
inadequate stimulus produces an “absence” or stunning reaction. 
This may consist merely of momentary unconsciousness with a sudden 
start but no muscular contractions; the patient may experience some 
peculiar sensation such as “flashes of light” but feels no pain.® A 
larger but still subconvulsant stimulus produces a “petit mal” reaction, 
characterized by a sudden start and immediate unconsciousness for 5 
to 40 seconds, with occasionally facial twitchings, coarse arm and leg 
tremors, apnea, cyanosis, and confusion of brief duration. 

The “grand mal” convulsion type of reaction closely resembles a 
true epileptic seizure and is similar to a convulsion produced by metra- 
zol but is of shorter duration and lesser severity. There is an immediate 
loss of consciousness and a start, a sudden marked generalized flexion 
movement, thought to be due to direct stimulation of the motor cortex. 
A cry occurs frequently but not always. The generalized tonic spasm, 
which lasts from 10 to 25 seconds, may occur immediately or, less com- 
monly, following a latent period up to 30 seconds. 

The clonic phase, lasting from 10 to 30 seconds, then ensues. The 
pupils become widely dilated, and there is conjugate deviation of the 
eyes. During the convulsion the patient does not breathe and usually 
becomes very cyanotic. The total apneic period is usually less than a 
minute, and delayed resumption of respiration is quite rare.^® Inconti- 
nence is rare; ejaculation has also been reported. After the convulsion 
there is a short period of deep stupor, often with sucking or biting 
movements, and then a period of confusion, seldom lasting longer than 
10 minutes. 

For a short period following the convulsion there is usually a moderate 
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rise in the systolic blood pressure and a tachycardia which is occasion- 
ally followed by a bradycardia. Ankle clonus is almost always present, 
and Hoffmann’s and Babinski’s signs frequently appear for a few min- 
utes. The blood sugar usually rises about 50 %, the red cell count and 
hemoglobin are slightly elevated, and the white cell count may be 
doubled soon after the convulsion; these changes usually return to the 
previous^ level within ^ hour . There is always a marked increase in the 
lactic acid content of the blood after a convulsion,*'"-^ undoubtedly due 
to the muscular activity. 

There is always a complete amnesia for the period of treatment.^ 
Some patients have a complete retrograde amnesia during which they 
are unable to recall any event Avhich transpired during a period of 2 
or 3 hours preceding the shock. In others, this amnesia is partial or 
insular in type, while some patients have only a mild and transitory 
amnesia of events immediately preceding the shock.^^ Some patients 
also show a patchy impairment of memory separate from the amnesia 
associated with the treatments. This memory loss is usually transient 
and does not disturb the patient, although occasionally it may last as 
long as 2 months after the last treatment.'® 

Preparation of the patient for the treatment is relatively simple.®® 
The treatment is usually given in the morning, and breakfast should be 
withheld, although nausea and vomiting following electric shock treat- 
ment are much rarer than following metrazol. The bladder and bowels 
should be evacuated before the treatment. If a sedative drug is ad- 
ministered during the night preceding a treatment, the convulsion 
threshold may be raised.®'" It is not necessary to shave the patient’s 
head, but all hairpins and other metal objects should be removed. 
A mouth gag should be inserted initially to prevent biting of the 
tongue, and artificial dentures should be removed. The assistants who 
hold the patient are in no danger of receiving a shock, providing the 
patient’s head is not touched during the passage of current, and that 
they are standing on a dry floor. 

To prevent fractures and dislocations the treatment is given with 
the patient reclining on a hard, flat non-metal table or couch, free of 
moisture. A small hard pillow or sandbag is placed under the mid- 
thoracic region of the spine, while the patient’s shoulders, hips, and 
knees are fixed to the table by firm pressure. 

This method of spinal hyperextension has been found to reduce 
considerably the incidence of A'^ertebral fractures in patients treated 
Avith metrazol.®’'®'" Curare has been employed most successfully for 
the prevention of fractures in metrazol therapy, but XalinoTvsky and 
his coworkers®' advise against the use of curare for this purpose because 
electric shock treatment has — contrary to metrazol — a depressant 
effect on the respiratory center. Furst and Stouffer,'® however, report 
the use of curare without mishap in 5 electrically treated cases. 

The optimal frequency and total number of treatments in a course 
are as yet undecided. Most workers recommend that the treatment 
be given 2 or 3 times a week up to a total of 10 or 15 treatments. Furst 
and Stouffer'® state that despite improvement after 3 or 4 treatmente, 
the course should be continued to 10 in order to “fix” the result. 
Gonda®'" believes that more treatments may be necessary to sclnzo- 
phrenics than in depressed patients, and advises 20 or more shocks m 
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schizophrenics, even though improvement has appeared after a few 
treatments. 

Sogliani^® describes cases in which the improvement started only 
after the 30th convulsion and some even later. Both Sogliani and 
Fumarola^'^ have given some patients- repeated convulsions in a single 
day in an effort to reduce the duration of the course of treatment. 
Hemphill and Walter”^*' see no harm in giving the treatments daily for 
60 or more days in some cases while there is any hope for more im- 
provement. 

On the other hand, Myerson'*'^ believes that as few shocks as possible 
should be given, that only 3 or 4 treatments may be required for a 
complete remission in some patients with depression. Ziskind's work 
with metrazol indicates that a course of 2 treatments a week for 6 to 
8 weeks carries little danger of memory impairment, and 3 treatments 
a week should not be given for longer than the first 2 weeks.®"* 

So far, reports on the results of electric shock therapy show no essen- 
tial differences from the recent results with metrazol.®®-**'"*'’^''*® The 
best results have been obtained in depressions, with only fair results in 
acute schizophrenia. Most observers have reported more than 70% 
or 80 % remissions or marked improvement from depressions. 

Good results have also been obtained in the small number of manic 
patients treated by different workers.®**’ 

Sogliani*® reported “recovery” in 12 out of 15 schizophrenics with 
illness of less than 1 year’s duration, but in only 3 out of 55 cases of 
more than 1 year’s duration. As with metrazol, the best results have 
been reported in the catatonic group, but in all types of schizophrenia 
early relapses have occurred in a large percentage of cases.*® Wyllie®® 
obtained “immediate improvement” following electrically induced con- 
vulsions in 14 out of 18 schizophrenics, but in only 2 cases was the 
improvement maintained for as long as 2 months. 

Others have reported remissions varying from 21% to 80% in cases 
of schizophrenia of recent onset.*®’®*" It is generally agreed that 
results with chronic cdses are much more unfavorable, but some advise 
the use of electric shock therapy in chronic institutional cases of schizo- 
phrenia to facilitate their general management.®*®’®* Such reports indi- 
cate that electric shock, as well as metrazol, is probably not a very 
useful type of treatment for schizophrenia, except that in some cases it 
may bring about a change which facilitates other forms of therapy and 
accelerates recovery. 

No deaths have been reported yet from more than 10,000 electric 
shock treatments.®® The complications and contraindications are ap- 
parently similar to those for metrazol. Exacerbation of chronic pul- 
monary tuberculosis has been the chief cause of death following metra- 
zol therapy.®’®* Although this is unexplained, there is no reason to 
believe that electric shock therapy will be less dangerous in this respect. 
Fractures and dislocations have been reported following electric shock 
therapy,®-®®’®*"’®’®® but less frequently than after metrazol, probably 
because of the somewhat milder character of the convulsions. 

The treatment is contraindicated in the presence of active or recently 
healed pulmonary tuberculosis or other disease of the lungs, any febrile 
illness or acute infection, arthritis of the spine, marked hypertension 
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or arteriosclerosis, serious cardiac disease, nephritis, or organic disease 
of the central nervous systemJ-^* These contraindications may have 
to be modified in individual cases with mental conditions so desperate 
as to threaten life. 

_ Aside from the lessened danger- of fractures, dislocations, and muscle 
injuries, electric shock therapy has a number of other advantages over 
metrazol.>’^’^’“'>5.=i».26.484.49 q^her complications are also less frequent: 
headache, nausea and vomiting, and severe psychomotor excitement 
are quite uncommon after electric shock. 

The milder nature of the convulsions with electric shock produces 
less strain on the cardiovascular system than either insulin or metrazol. 
Bellet, Kershbaum, and Furst* studied the electrocardiograms of 50 
patients with 100 electric shock treatments and found only minor 
changes, except 2 records of older patients in whom more serious signs 
were encountered. 

Another marked advantage is the absence of the “fear” reaction or 
aura which invariably occurs rvith metrazol during the latent period 
between the injection and the loss of consciousness and also prominently 
with subconrmlsant doses.-‘“ However, despite the complete amnesia 
for the electric shock and absence of a fearful aura, some patients dislike 
the treatment because of their ignorance about what has happened to 
them, but seldom object greatly to subsequent treatments.^'^ 

Most patients are more cooperative in electric shock therapy than 
with metrazol. An uncooperative patient can be “stunned” by a pre- 
liminary subeonvulsant shock in order to facilitate proper holding for 
the treatment itself. 

The difficulty in making an intravenous injection in an uncooperative 
patient or in one with inaccessible or thrombosed veins, so common in 
metrazol therapy, is entirely escaped by electric shock. The effects of 
a blood-borne drug are avoided, and delayed reactions, not uncommon 
following metrazol, are very rare after electric shock, although a few 
serious delayed reactions have been reported."''*^ After the instrument 
is purchased initially the cost of the treatment is negligible, and as 
many as 15 or 20 patients can be treated in 1 hour.-^*’ 

These advantages of electric shock therapy constitute in themselvK 
a serious but indirect danger, if the method is to be put into indiscrimi- 
nate and promiscuous use by unqualified and misguided therapists. 
Shock treatment in general is still in an experimental stage with an un- 
certain future.^®'®^ All forms of shock treatment are belie4’'ed to produce 
qualitatively similar types of organic brain damage in anirnals.®®'^'® 

Weil and Liebert®-”’*’ reported marked glial changes and mild neuronal 
lesions in the brains of 6 patients who had received metrazol treatments 
several months previously, and also found similar disturbances in the 
brains of rabbits subjected to either metrazol or insulin treatments. 
Finley and Brenner^ observed similar lesions in the brains of monkeys 
treated wdth insulin or metrazol. 

Bini^ found widespread and severe but mainly reversible changes of 
the cortical nerve cells of animals subjected to electric shock siimlar to 
that used in treating humans. Heilbrunn and Liebert®® made biopsies 
of brains of rabbits at intervals following convulsions produced b\ 
various agents. They found that the changes in the ganglion^cells 
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were more severe following electric shock than after metrazol, insulin, 
camphor, or nitrogen gas. They also noted that reversal of the mor- 
phologic alterations occurred more- slowly after a second or third con- 
vulsion than after the first. 

Studies of electroencephalograms of humans and animals indicate 
that changes in cortical activity are usually of shorter duration and 
milder following electrically induced con%'-ulsions than after metrazol 
convulsions.^’^®’^®’^® However, it was noted by Hughes, Wigton, and 
Jardon^^ that after successive convulsions during a series of treatments, 
abnormal electroencephalographic waves persist for longer periods, so 
that after 6 or 7 treatments they may be observed for several days and 
occasionally may not entirely disappear for 2 or 3 weeks after the last 
treatment. Such observations show the need for much more clinical 
and experimental studies of similar nature. 

The possible efficacy of subcon\ailsant or petit mal shocks should also 
be considered.^® A few observers believe that some patients may be 
made worse instead of being helped by subconvulsant shocks.®® Elec- 
tric shock has also been used as an outpatient procedure with apparent 
safety This practice should not be adopted generally until the 
effects of the treatment are better known. Patients whose conditions 
justify such a form of treatment ordinarily should require hospital care. 

Electric shock will probably largely replace metrazol as a form of 
convulsion therapy.’^®’^® This type of treatment is chiefly indicated in 
depressed states; its value in manic reactions is less certain. In schizo- 
phrenia its usefulness is quite limited. The use of such a drastic method 
in the treatment of the ordinary types of psychoneurosis is not justified 
in the present state of our knowledge of remote effects. 

Leon J. Whitsell, M.D. 
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PROCEEDINGS OF 

THE PHY.SIOLOGICAL SOCIETY OF PHILADELPHIA 
SESSION OF NOVEJIBER 18, 1941. 


Labyrinth and Cerebellum. E. Spiegel and N. Scala (Department 
of Experimental Neurology, Temple University School of Medicine). 
The following observation may shed some light upon cerebello-laby- 
rinthine relationships. 

After inducing a lesion in parts of the cerebellum of cats, particularly 
in the lobus posterior medianus, with the vestibular nuclei and their 
fiber sj^stems histologically intact, nystagmus was observed in abnormal 
positions of the head, particularly in supine position with the vertex 
downward. When nj^stagmus in normal position of the head was weak, 
it was increased, sometimes also its direction was changed, in abnormal 
positions. In some cases nystagmus appeared in abnormal positions 
only. This phenomenon is transient. Electrolytic lesions of tlie nuclei 
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tecti had a similar effect. In analyziing the receptor mechanism, neck 
reflexes and retinal reflexes could be excluded. Bilateral labyrinthec- 
tomy abolished this eflfect of position, while a weak spontaneous nystag- 
mus could persist. It is assumed that the appearance of positional 
nystagmus following cerebellar lesions is a phenomenon of release of 
parts of the vestibulo-ocular reflex arcs, since it is associated with 
increase of the experimental postrotatory nystagmus. 


Periodicity of the Excitatory Process in Nerve. Frank Brink and 
D. W. Bronk (Johnson Research Foundation, University of Pennsyl- 
vania). The cellular mechanism which determines the time interval 
between propagated impulses in chemically excited nerve cells was 
studied. Arvanitaki has reported (Arch, internal, de jAiysiol., 49, 209, 
1939) the existence of localized periodic changes in electrical potential 
at the site of initiation of propagated impulses. In the present experi- 
ments, it has been shown that when the calcium and magnesium are 
removed from the fluid bathing a restricted length of the giant axon 
of a squid, such periodic electrical discharges occur as the first evidence 
of excitation at a time when there are no conducted impulses. These 
local periodic potentials increase in amplitude until, finally, conducted 
impulses are initiated at the same frequency as the previously initiated 
local response. Thus the intervals between impulses in a train are 
determined by a periodic excitatory process that exists independently 
of the conducted impulses. Adrian’s hypothesis that such intervals are 
determined by a process of recovery from a previous impulse must 
therefore be reconsidered. 

When the calcium was removed from the fluid bathing a limited 
portion of a myelinated nerve fiber (Type A) a train of propagated 
impulses- was initiated. The time intervals between successive im- 
pulses were not always equal. The larger intervals were shown to be 
approximately integral multiples of the shortest or fundamental period. 
The departure from the exactness of this rule was related to the random 
variations in the fundamental period of the excitatory process. It is 
assumed that this fundamental period of the conducted impulses in 
these fibers is determined by the periodicity of a local excitatory process 
similar to that observed directly in giant fibers from squid. 


The Effect of Vagotomy on the Secretory Response of the Pancreas 
to Peptone. J. O. Crider and J. E. Thomas (Laboratory of Physiol- 
ogy, Jefferson Medical College of Philadelphia). The presence in the 
intestine of products of protein digestion increases the flow of pancreatic 
juice through a mechanism other than secretin (Am. J. Physiol., 134, 
056, 1941). Presumably a reflex affecting the secretory nerves is in- 
volved. In an effort to trace the reflex pathway, dogs were prepared 
in which either both cervical i^agi were chronically exposed or one vagus 
was cut and the other exposed. In such animals injection of peptone 
solution into the duodenum had the usual effect of increasing the rate 
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of secretion of pancreatic juice. After the vagi were blocked by injec- 
tion of cocaine or procaine into the exposed nerve trunks or by cutting 
the remaining intact vagus (in 1 animal) peptone, administered as 
before, failed to increase the flow of pancreatic juice. The conclusion 
is drawn that peptones stimulate pancreatic secretion through a reflex 
arc involving the vagus nerves. 
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It has been many years since Loehlein® in 1907 presented evidence 
to show that acute glomerular nephritis was the direct result of strep- 
tococcic infections. Since then the question has been the subject of 
much discussion, and though it is now generally recognized that 
infections by hemolytic streptococci precede with great frequency 
the onset of acute glomerular nephritis, the exact relationship be- 
tween the two has never been accurately defined.®”“'^‘“’‘^'^®-’®-“---‘ 
l^vidence, however, has been presented to show that a continuation 
of the infection or recurrent infections due to hemolytic streptococci 
]iredis])oses to a jirogression of the nephritis and is the prime factor 
in preventing recovery or in leading to chronic nephritis.*-"-'^'’^’*®--^ 
The great regularity with which a marked increase in the anti- 
streptolysin content of the blood serum occurs during the course of 
acute glomerular nephritis, even when cultures from the 
pharynx or other foci of infection fail to show hemolytic streptococci, 
is an additional argument in favor of the close association between 
this particular form of infection and acute hemorrhagic nephritis. 

vni.. 20,1, NO, 2.— vEimu.vnY, 1042 0 
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Tliese facts do not, liowever, exclude the possibility that other 
l)acteria, such as the Streptococcus viridam, the pneumococcus or 
the gonococcus may ])e concerned in the origin of some instances 
of acute nephritis. Indeed, there is reason to believe that they.do so, 
though infections by these organisms are probably concerned witli 
the origin of a comparatively small proportion of cases. 

Since the persistence of infection may be of great importance in 
determining the course of the nephritis much emphasis, dming the 
last few years, has been placed on the elimination of foci of infection. 
It has been necessary to rely largely upon such surgical measures 
as removal of tonsils and adenoids, or the drainage of infected para- 
nasal sinuses to accomplish this. The efficacy of these surgical pro- 
cedures has been questioned,®-*® and has rarely been attended by 
brilliant results, for it has often been impossible by these means 
alone to cure completely the infection. 

The great value of effecting complete cure of the acute nephritis 
lies iir the fact that once the nephritis has healed, a recurrence rarely 
if ever occurs, even though the patient experiences one or more 
serious infections due to the hemolytic streptococcus. If, on 
the other hand, the disease persists, even in quiescent form, subse- 
quent infections by hemolytic streptococci are liable to cause acute 
and sometimes serious exacerbations of the disease.*-®-'-’^'*®'^^ Until 
the introduction of chemotherapj’’, therefore, the available treatment 
consisted principally in prolonged rest, diet, and surgical removal 
of the foci of infection. But with the demonstration of the highly 
effective action of sulfanilamide upon the hemolytic streptococcic 
infections, the possibility of using this chemical to combat infections 
associated with acute hemorrhagic nephritis naturally came to 
mind.*-'* A series of 42 cases of acute nephritis liave therefore been 
treated, during the acute phase of the disease, with sulfanilamide. 
The effect upon the infection and the later course of the nephritis in 
these patients has been contrasted with 108 cases of acute nephritis 
which had not been treated with sulfanilamide. 

The work was started at a time when sulfanilamide was the only 
chemical available for the treatment of infections caused by hemo- 
lytic streptococci. Its efficacy for this purpose had been amply 
demonstrated. The work of Marshall, Cutting and Emerson*® had 
shown, moreover, that administration of large amounts of the drug 
exerted no harmful effect on the kidne\'S of dogs, and a vast number 
of subsequent observations in the human being have upheld these 
conclusions. It is, however, well recognized that sulfanilamide is 
not as rapidly excreted in the pre.sence of even slight disease of the 
kidney as it is in the normal individual, and the drug is prone, 
therefore, to accumulate in comparatively high concentration in the 
blood even when the form of nephritis is mild. Since tbe.se .studies 
were started three other drugs, namely sulfap.^Tidine, sulfathiazole 
and .sulfadiazine, have come into u.se. In spite of their efficacy, i 
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seemed highly undesirable to employ them for the treatment of any 
infection associated with nephritis, for both sulfapyridine and sulfa- 
thiazole are known to damage occasionally the kidneys either 
through the excretion of the acetylated form in crystals or by direct 
action upon the cells of the organ. Though sulfadiazine may he 
less likely to produce these injurious effects, experience has not been 
sufficiently extensive Avith this drug to Avarrant its use in patients 
suffering from nephritis. 

In December, 1930, Ave began to use sulfanilamide in treating 
jiatients Avith acute glomerular nephritis. It has been employed 
almost exclusively in those patients from Avhom beta hemolytic 
streptococci haA’^e been cultured from some focus. We haA’^e treated 
only those patients AAdio had a Avell-defined acute onset of their 
nephritis and only those Aidio Avere admitted to the hospital Avithin 
2 months of this onset. In most instances they Avere admitted 
Avithin a fcAv days after the disease had manifested itself. We noAv 
haA^e treated 42 such patients. The nephritis Avas regarded as mild 
in 11 cases (26%), moderately seA’-ere in 10 (38%), and seA^ere in 
15 (35%). Some of these patients exhibited marked albuminuria, 
hematuria, cylindruria, Ioav renal function, azotemia, hypertension 
and edema. In 25 instances the nephritis followed acute tonsillitis, 
in 4 sinusitis, in 5 skin infections, in 1 scarlet fever, and in 2 puer- 
peral infection. In some patients there Avas more than one focus. 
The interval from the prodromal infection to the onset of the neph- 
ritis aA^eraged 13 days. The interval from the time the nephritis 
had manifested itself until sulfanilamide was administered A^aried 
in different cases from 1 to 173 days but averaged 26 days and in 
27 cases Avas less than 14 days. 

In order that Ave might evaluate the manner and extent to Avhich 
the sulfanilamide therapy modified the course of acute hemorrhagic 
nephritis in these patients Ave haAm analyzed for control the records 
of 108 patients fulfilling all the requirements AA’^hich AA’^e haA'^e pre- 
sented aboA'e Avhom Ave liaA^e folloAved since 1 925. We haA^e selected 
at random 70 of this group and tabulated the course in great detail. 
This group has had essentially the same clinical and bacteriologic 
studies and the treatment has been similar in eA'ery Avay except that 
they did not receive sulfanilamide. The extent of the nephritis in 
70 patients of this group Avas found to be mild in 17 cases (24%d=), 
moderate in 24 (34% ±), and severe in 29 (41 % ). Thus it may be 
seen that the severity of the disease in the treated and untreated 
groups is comparable. The interA’al from infection to the onset of 
nephritis Avas found to average 10.3 days as compared AA'ith 1 3 days 
in Group I. (Throughout this paper aa'c shall refer to the control 
group as Group II and to the ones receiving sulfanilamide as 
Group I.) 

The dosage Avhich Ave have prescribed for our patients has varied 
from 1,2 to 6 gm. per day. The commonest dose, hoAvever, was a 
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total of 2.4 or 3.G gm. divided into 6 equal doses at d-liour intervals. 
The total amount of the drug gix^en to any patient has varied from 
0 to 169 gm. (average 49 gm.). The drug was administered m-er a 
period of 3 to 63 days (average 17 days). The blood concentration 
was followed in 32 patients and was found to vary from 4.5 to 
18 mg. per 100 cc. In 13- subjects the level reached 10 mg. per 
100 cc. at some time during the therapy. It was found that there 
was a greater variation, from day to day, of the blood concentration 
of the chemical than we have observed in subjects treated for other 
(non-renal) conditions. This has been attributed to the frequently 
changing renal function. 

Since Southworth-" found that acidosis ma,y dei'elop in association 
with sulfanilamide therapy we have usually given 0.6 gm. of sodium 
bicarbonate with each dose of the former. This has been used in 
spite of the fact that many of our patients have been edematous. 
No attempt was made to limit the fluids to any extent greater than 
was necessary to control the edema. 

Toxic Reactions Due to Sulfanilamide. ]\'Iild toxic reactions 
characterized by headache, nausea, or vomiting developed in 3 
patients. Seven patients developed fever and 2 a slight anemia. 
The drug was promptly discontinued in each of these instances and 
the symptoms rapidly abated. Occasionally difficulty was encoun- 
tered in differentiating the symptoms of tlie nephritis from those of 
sulfanilamide intoxication. No serious complications were en- 
countered. 

Eesults of Therapy. Foci of Infection. In view of the great 
importance accorded to the acute infections which precede the 
development of nephritis it naturally was of interest to determine 
whether sulfanilamide had been effective in combating such infec- 
tions. In our studies we have paid particular attention to the beta 
hemolytic streptococcus, as this organism is apparently the one of 
etiologic significance in by far the great majority of the cases. 
Table I and Figure 1 show the results of some of the throat cultures 
which have been made. It is quite noteworthy that whereas 71 % 
of the patients in Group I had positive throat cultures just before 
sulfanilamide was begun, only 15% yielded positive cultures shortly 
after its discontinuance. This incidence is little more than is found 
in norma! individuals in Baltimore in the winter months.^ 

It may be observed that, on admission, the throat cultures were 
positive for beta hemolytic streptococci in 76% of the patients in 
Group I and in 85% of the ones in Group 11. Some subjects had 
several foci containing these organisms. They were obtained from 
the throats of all but 7 patients in Group I before sulfanilamide 
was started. In 2 of the 7 they were cultured from a skin infectiou, 
in 1 from an infected sinus and in 1 from the uterus. At the time 
of discharge from the hospital the infection in these subjects had 
cleared up and the number of patients giving positir'e throat cul- 
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tures was decidedly less, being 15% in Group I and 26% in Group II. 
It should be mentioned here that this change has been aided to a 
large extent by the performance of tonsillectomies in more than 
one-half the cases, by the drainage of infected sinuses, in sei'eral 
instances, by the extraction of teeth with -periapical abscesses, and 
by other similar procedures. 

Table 1.— Numbeb of Patients From Whom Beta Hemolytic Streptococci 
IVerb Recovered on Throat Culture. '■ 


On aUniission; 

No. +. 

No. ncg. 

Total. 

I’o.sitive 

%- 

Group I 

. . 2'.) 

9 

38 

70.3 

Group II . . . . 

. . 58 

10 

08 

85.0 

Before sulfanilainide; 

Group I 

. . 27 

11 

38 

71.0 

After sulfanilamide: 

Groui) I 

. . 5 

28 

33 

15.0 

On discharge; 

Group I 

. . 5 

27 

32 

15.0 

Group II 

. . 15 

42 

57 

20.3 

Six months later; 

Group I 

. . 5 

20 

25 

20.0 

Group II 

. . 11 

.32 

43 

2G.G 
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Fio. 1. — Percentage of patients with beta hemolytic streptococci in throat cultures. 

^\e were permitted to repeat the throat cultures 6 months later 
on 25 subjects in Group I and on 43 subjects in Group 11. Positive 
cultures were obtained in 20% of the former and 28% of the latter. 

Of greater concern than the throat cultures was the incidence of 
organisms in the tonsils. The latter were removed from 38 patients 
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ill Group II. Tile tonsils of 32 of these jiatients were macerated 
and cultured for beta hemolytic streptococci. The cultures were 
found to be positive in 27 subjects (84%). Tonsillectomy was per- 
formed on 29 patients in Group I. Cultures were made from 
28 subjects, 13 (47%) of which yielded positive cultures. This 
incidence was found to be higher than we had at first anticipated, 
though it is considerably lower than that of the untreated patients. 
It is quite important to point out that sulfanilamide had not been 
administered, unfortunately, for at least a week preceding tonsil- 
lectomy, in 12 of the 28 subjects. Nevertheless, it is now known 
that the administration of relatively large doses over long periods 
of time may not render the tonsils sterile. We have regarded the 
persistence of these organisms as being responsible for some of the 
flare-ups which we have witnessed. 

Colebrook and Purdie-have reported that hemolytic streptococci 
were recovered from cervical swabs taken on discharge from the 
hospital in 39 of 81 (48%) of their cases of puerperal infection that 
had recovered under sulfanilamide, and that 6 of 35 patients (17%) 
still showed positive cultures for hemolj-tic streptococci 3 to 6 weeks 
later. In experimental infections, Levaditi and Vaisman,’ Long 
and Bliss,^® and Colebrook and his associates- have reported the 
persistence of latent foci of hemolytic streptococci in mice treated 
over long periods with sulfanilamide. It is for these reasons that 
the various surgical methods have continued to be employed with 
equal vigor as in the past. 

Changes in the Antistreptolysin Titer. Since 1930, we have 
made rather frequent determinations of the antistreptolysin titer 
of the serum. In Figure 2 the titers of antistreptolysin of both 
groups are recorded during tlie course of the disease. On admission 
the titer in Group I was found to vary from 50 to 500 units with an 
average of 198 and was over 100 in 27 of 31 subjects. The titer in 
Group II was within the same range, though not quite as high, 
varying from 16 to 500 with an average of 168, and being over 100 
in 21 of 33 subjects. The average level in Group I, at the time 
sulfanilamide was started, was 223 units. On the completion of 
the treatment the average level was 239 units. At the time of 
discharge the titers were found to remain high in Group I, ranging 
from 50 to 500 units with an average of 199 and being over 100 in 
27 of 30 subjects. In Group II it was found to vary from 16 to 
1666 with an average of 222 and was over 100 in 21 of 33 patients. 

Thus it may be stated that in spite of what antibacterial effect 
the sulfanilamide may have exerted upon the streptococcus, the 
immunologic reaction, as e.xhibited by the antistreptolysin titer, 
continued to develop in the usual manner. There was an actual 
increase in the titer during treatment with the drug. _ The titer was 
lower at discharge than on admission in 9 of 27 subjects (33%) in 
Group I, and in 11 of 32 subjects (34%) in Group II. It had in- 
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creased in 11 of ^7 subjects (40%) in the former group and 15 of 
32 (47 %) in the latter. 

The titer was again determined in some of tlie patients approxi- 
mately 6 months later. With the improvement of the nephritis in 
most of the patients, and the recovery in some, there was found a 
marked decrease in the number of units in each group. In Group I 
the titer was found to vary from 25 to 333 units with an average 
of 131, and in 16 of 29 patients it was over 100. The results in 
Group II were found to show essentially the same decrease in the 
titer, but it is, indeed, worthj^ of mention that whereas in Group II, 
during the 6 months following discharge, there was a rise in titer in 
5 of 23 .subjects, in Group I there Avas a definite decrease in the titer 
in every patient. 

Effect on the Kidneys, (a) Changes in Urinary 'Findings. 
On admission 99% of the subjects in each group had albuminuria. 
In most instances this Avas marked. Comparisons of the urinalyses 
before and after sulfanilamide therapy shoAV that there was a A^’ery 
slight increase in the albuminuria in 2 cases. The remainder ex- 
hibited a marked decrease. This improvement continued in all but 
1 patient after sulfanilamide Avas stopped. At the time of discharge 
there Avas a great reduction in the number of patients shoAving 
albuminuria. As shown in Figure 2, only 31% of the ones Avho 
had received sulfanilamide shoAved albuminuria as contrasted Avith 
61 % in Group II. 

Tabi.e 2.— Changes in Uhinaky Findings, 
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Not only w^as there a reduction in the incidence, but also in the 
degree of albuminuria. In no patient in Group I AA*asthis greater 
at discharge than on admission. This did occur, howcA^er, to 
1 patient in Group IT. Urinalysis 6 months later .shoAA'ed a .slight 
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increase in albnminuria in 6 of 33 patients (18%) in Group I, 
whereas of 55 subjects in Group II there was a slight increase in 
(-31%), moderate in 1 (1.8%) and marked in 2 (3.6%). 

On admission, _ every patient in each group showed formed ele- 
ments in the urine and usually in large quantities. Comparison 
of this finding before and after sulfanilamide therapy demonstrated 
a very slight increase in 1 subject, but a decrease, marked in most 
instances, in the others. The improvement continued, except in 
3 patients, throughout the remainder of the stay in the hospital. 
Howe^•er, the number of formed elements in the urine at the time 
of discharge was much less than on admission in all of the patients 
in Group I. In contrast, there were 5 (7%) in Group II who 
showed an increase, this being slight in 4 and moderate in 1. As 
may be seen in Figure 2, there was a fair number of patients in 
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each group whose urine became free of formed elements. It may 
also i)e notetl that at the end of 6 months several others had entered 
this category. Of 33 patients in Group I examined at the end of 
6 months there was a slight increase in the formed elements in 7 
and a mmlerate increase in 2, Of 55 patients in Group 11, S sIiowe<l 
a slight increase, 4 moderate and 1 marked. 

There were h (24%) of the patients in Group I avIio showed !io 
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albumin nor formed elements at the time of discharge. In compari- 
son there were 10 (14%) in Group II. At the time of discharge, 
there was more than l-f albuminuria or 1+ formed elements in 
the urine of 7 (18%) of the 38 patients examined in Group I, and 
28 (40%) of 70 in Group II. At the end of 6 months there was no 
albumin nor formed elements in the urine of 15 (45%) of 33 patients 
in Group I, as compared with 12 (22%) of 55 in Group II. 

A common observation following tonsillectomies is to note an 
increase in the amount of formed elements and albumin in the urine. 
This is sometimes quite marked. In our control group of 70 patients 
tonsillectomies were performed on 38. In 29 (75%) of these there 
was a definite exacerbation (usually transitory) in the nephritis, 
being marked in 6, moderate in 15, and mild in 8. The subjects 
who received sulfanilamide offer a .striking contrast to this in that 
exacerbation occurred in onl,y 4 (14%) of the 29 patients who had 
tonsillectomies. The reaction was severe in 1, moderate in 1, and 
mild in the other 2. Worthy of mention is the fact that 3 of these 
patients had received no sulfanilamide for a month preceding opera- 
tion. It should also be pointed out that the total intake of the 
drug was below average (49 gm.), being 18 gm. in 1 case and 27 
in the other 2. 

(h) Renal Function. The urea clearance was found to be im- 
paired to about an equal extent in the two groups at the time of 
admission (Fig. 3, Table 3)_. This test showed that the renal func-r 
tion did not decrease in association with the sulfanilamide treatment 
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in any instance. Indeed, before tin's therapy was started there 
were only 24% of the patients with a clearance above 75% of nor- 
mal, whereas oji the completion of this treatment there were 42%. 
.\t the time of discharge there had occurred a further improvement 
in each group, 48% in Group I having a function above 75%, as 
compared with 40% in Group II; at the end of 0 months this degree 
of function had been attained by 58% in the former group, as con- 
trasted with 3.3% in the latter. 


Table 3. — Changes in Urea Clearance. 


Less 


Per cent of normal. 

tLan 35. 

35— 4 

-45-55. 

55-65. 

65-75. 
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The phenolsulphonephthalein test showed the kidney function to 
be less impaired at all times than did the urea clearance (Fig. 4). 
On admission, 56% of the patients in Group I and 28% of the ones 
in Group II excreted more than 70% of the dye in 2 hours. At 



Flo. 4. — Percentage of patients irith urea clearance greater than 75% of normal 
or phenolsulphonephthalein excretion greater than 70% in 2 hours. 
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discharge, there were 75% in' Group I and 44% in Group II 
that excreted this quantity of dye. Examination of some of these 
patients 6 months later showed this percentage to be 75 in Group I 
and 52 in Group 11. Before sulfanilamide was started, 51% of the 
sulijects in Group I had a function above 70% and at the conclu- 
sion of this therapy there were 71%. In only 1 case did this test 
show the function to be lower at the end of treatment than at the 
beginning. 

Duration of Edema and Hypertension. The edema was found 
to be of shorter duration in the subjects treated with sulfanilamide 
than in those not receiving this drug. In the former group it 
averaged 16 days, though varying from 2 to 135 days, while in the 
latter group it averaged 20 days with a variation of from 2 to 
05 days, ddiere was no demonstrable edema at any time in 7 sub- 
jects in Group I and in 0 subjects in Group II. 

It was observed that in most instances, in each group, the dis- 
appearance of the edema was associated with a disappearance of 
the hypertension and, as Avas the case with the edema, the hyper- 
tension was of shorter duration in the group treated Avith sulfanila- 
mide than in the control group, aA’eraging 15.8 days in the former, 
with a variation of from 2 to 40 days, as compared Avith an average 
of 25 days and a variation of from 3 to 95 days. There were 13 in 
Group I A\dio never exhibited any hypertension. In 1 instance the 
elevation of blood pressure per-sisted for 3 months (this patient is 
not included in the above average). At discharge and 6 months 
later, only 1 of the patients in Group I had hypertension. There 
Avere 14 subjects in Group II aa'Iio never exhibited any hypertension 
and there Avere 7 aa^Iio maintained an elevation in their blood pressure 
throughout their stay in the hospital. Six months later 4 of these 
continued to haA’^e this elcA'ation AAdAereas in 2 it had disappeared. 
The other patient did not return for examination. 

Clinical Outcome. In attempting to evaluate the final out- 
come in these tAvo groups of nephritis, it is desirable to consider 
first the number of deaths that occurred in the acute phase of the 
illness. During this stage, there are usually seA'^eral factors that 
play a part in the fatal termination. In many patients the severity 
of the infection itself is of pax’amount importance; in some acute 
myocardial failure leads to a fatal termination ; and in others symp- 
toms of uremia are predominant, Avhile in most instances acute 
anuria is present before death.-’ 

It is apparent, therefore, that control of the acute infection and 
relief of the acute myocardial failure, if successful, may save the 
life of the patient. 

It has appeared to us that the employment of sulfanilamide and 
the use of digitalis may have had this result in a few of the patients 
in Group I (Fig. 5). There Avas only 1 death in this group of 42 
patients during the acute phase of the disease. This occurred in a 
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man 63 years of age with a deep infection of the thigh, not proven 
to be caused by hemolytic streptococci. In Group II there were 
12' deaths (11 %) during the acute phase. Five patients had severe 
■hemolytic streptococcic infections of the throat accompanied in 1 
b'y suppurative cervical lymph adenitis and complicated in all by 
pneumonia. One patient died in uremia with acute infection of the 
facial' sinuses due to beta hemolytic streptococci. In 2 patients the 
acute nephritis followed scarlet fever, wdth complicating hemolytic 
streptococcic infections of the throat and ears during which time 
death resulted from uremia with mjmcardial failure. One patient 
died of pneumonia and pericarditis, 1 of acute streptococcic infec- 
tion of the' throat complicated by measles and hyperthyroidism, 
1 from uremia' and m 5 'ocardial failure associated with a hemolytic 
streptococcic infection of the throat complicating sickle-cell anemia, 
and 1 from acute cardiac failure and nodal rhythm. 

It is not inconceivable that if the newer chemotherapeutic meas- 
ures had been available when these patients came under observation, 
the lives of some of them might have been saved. 

These deaths account in part for the comparatively low recovery 
rate in the control group; but they are not entirely responsible since 
the beneficial effect of sulfanilamide, is manifested not only by the 
distinctly lower death rate during the acute phase, but also in modi- 
fying the subsequent course of the disease. 

Though it is admittedly difficult to determine accurately when 
complete healing of the nephritis has taken place, we have estab- 
lished the following criteria as being satisfactory for this purpose: 
The concentrated specimen of urine must be free from albumin,. red 
blood cells and casts on more than one examination, often several, 
made at different intervals; or the Addis count must be rvithin 
normal limits; the blood pressure must be within normal limits, 
and the urea clearance and phthalein excretion normal. ]\Iany of 
the patients whom we have considered as cured have been submitted 
to tliese tests on several occasions without showing abnormalities. 
A few patients have shown normal Addis counts when resting 
quietly in bed, but have voided urine when up and about that 
contained traces of albumin and small numbers of red blood cells. 
These patients have been classed as individuals in the latent .stage 
of the disease. 

Using these criteria for the basis of classification, 29 (74.3%) of 
the total number of 39 patients treated with sulfanilamide who 
have been followed for at least 2 years are well, whereas only 56 
(52%) of the 108 control patients followed for at least the same 
period of time have recovered (Table 4). In Group I there arc 
7 patients (16.6%) of the total number of 42 who are now in the 
quiescent stage. Three of these liave been observed for only a few 
weeks so that the final outcome cannot be determined. Two of 
•these have improved rapidly, 1 has done poorly. Iwo of the 
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39 patients in Group I are, after 2 years, progressii'e. None Ifiis 
died in the chronic stage of the disease. 

In the control group, 11 patients (10% of the entire 108) are in 
the quiescent stage and 29 (27 %) have progressed to a chronic stage, 
from which 5 of these 29 individuals have died. 


Table 4.— Clinical Outcome of Patients Followed fob 2 T'eahs on LoNOEn. 

Group I. Group II. 


No. %. No. %. 

Wei! 29 74.4 50 52.0 

Latent 7 18.0 11 10.1 

Progressive 2 5,0 24 22.2 

Dead 1 ' 2.0 17 15.7 


Total 39 100.0 108 100.0 


Discussion. On the basis of the foregoing facts, it seems reason- 
able to conclude that in most respects the 42 patients receiving 
sulfanilamide have shown more rapid improvement than the 108 
control individuals observed for a similar length of time. This 
has occurred in spite of the fact that in the two groups there has 
been relatively little difference as regards the type or severity of 
the initial infection, the interval from the infection to the onset of 
the nephritis, the type or the severity of the nephritis, or the inter- 
val from the onset of the nephritis to the admission of the patient 
to the hospital. Furthermore, other forms of treatment have been 
essentially the same in each group. In association with the use of 
sulfanilamide there has occurred, in most instances, a great reduc- 
tion in the numjier of beta hemolytic streptococci in the throat or 
other foci of infection. This antibacterial effect apparently did 
not interfere with the immunologic response, as exhibited by the 
antistreptolysin titer of the blood serum, inasmuch as the quantita- 
tive changes in the serum bore the same relationship to the course 
of the disease in Group I as in the controls. The albumin and 
formed elements disappeared from the urine faster in the former 
groups; the kidney function, as indicated by the urea clearance 
and phenolsulphonephthalein tests, exhibited a definitely greater 
improvement; and the edema and hypertension were of shorter 
duration. Finally, of greatest importance was the fact that the 
incidence of recoveries was gi’eater and the number of patients 
pursuing a progressive course distinctly less in the group that 
received sulfanilamide therapy. 

Contrary to our expectations, we were not successful in rendering 
the tonsils free of beta hemolytic streptococci in more than one-half 
the cases. We can reconcile this with the clinical improvement, 
and the smaller number of exacerbations in the nephritis following 
tonsillectomy, only by assuming tliat the sulfanilamide had exerted 
in the tonsils its usual role of bacteriostasis. 

To state precisely the mechanism by which sulfanilamide has 
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effected an impro\^ement in the inflammatory reaction in the kid- 
ney is not possible, inasmuch as the etiology of acute hemorrhagic 
nephritis has not been proved . Since there is very good presumptive 
evidence, however, to show that acute nephritis is associated with 
hemolytic streptococcic infections (usually in the upper respiratory 
tract), since sulfanilamide has proved to be a potent defense against 
this organism regardless of where the infection lies, and since it is 



believed that the disappearance of infection and of this organism 
was related to recovery, there is reason to suppose that the bene- 
ficial effect of sulfanilamide resides in its antibacterial action on tlie 
infection. 

h’requent urinalyses and kidney function tests failed to demon- 
strate that sulfanilamide had caused any renal damage either in 
these or in other patients. This is true in spite of the fact that 
most patients had edema, hypertension, large quantities of albumin 
with formed elements in the urine, and an elevation of the non- 
protein nitrogen of the blood at the time that chemotherapy ^'as 
stsrtcd# 

Sulfanilamide .should be given for several days preceding and fol- 
lowing tonsillectomy. It is useful to follow the same principle in 
a.ssociation with other surgical procedures. 

Owing to the fact that it was desirable to employ sulfanilamide 
with .some caution in these patients many of them were not treata 
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with entire satisfaction. The drug was usually stopped when fever 
or nausea developed, and it now appears that the -amounts of 
snlfanilamide employed were sometimes unnecessarily large. Fre- 
(juently, again, the drug was not given over a sufficiently long period 
in small doses of 1.5 to 3 gm. a day. It may well be desirable to 
institute during the period of convalescence a form of therapy 
similar to that devised by Thomas and France^’^ and by Coburn and 
Moore*®’*' in their effort to prevent recurrences of rheumatic fever. 
In their hands the method has been highly successful and promises 
to be of signal value in the prophylactic treatment of rheumatic 
fever. It is our intention to adopt this procedure and to administer 
doses of sulfanilamide varying from 1.5 to 3 gm. a day over long 
])eriods of time following recovery from the aeute phase of the 
disease, or possibly until all evidence of disease of the kidney dis- 
appears. It is hoped that by this means the duration of the dis- 
ease may be shortened, recrudescences of hemolytic streptococcic 
infection prevented and the number of final recoveries increased. 

Conclusions. A comparative study has been made of the course 
of acute hemorrhagic nephritis in a group of 42 individuals treated 
in essentially the same manner as a group of 108 similar individuals, 
except that in the former group sulfanilamide was administered. 
Most of these patients have been followed from 2 to 5 years or 
longer. 

The results indicate that in the subjects receiving sulfanilamide 
the foci of infection have cleared up more rapidly, the signs of renal 
damage have disappeared more rapidly, the exacerbations of the 
nephritis following tonsillectomy have occurred less frequently, the 
duration of the edema and hypertension have been shorter and the 
clinical recoveries have been greater. 

In the group of 42 patients treated with sulfanilamide there was 
1 death in the acute stage. Complete recovery occurred in 15 of 
33 cases who returned for observation after G months and in 29 
of the 39 patients, or in 74.3% of those followed for at least 2 years. 
Three additional patients who have been followed for only a few 
weeks are in a quiescent stage. . Five of the 39 patients are in the 
quiescent stage, and 2 are in a progressive stage. 

In the control group of 108 patients, on the other hand, there 
were 12 deaths in the acute stage, and 5 deaths following a progres- 
sion to chronic ne])hritis. Of the entire group of 1 08 patients there 
are only 56 complete recoveries, giving a percentage of 52; 11 
patients are in the quiescent stage, and 24 in the ehronic progressive 
stage of the disease. 

The course of the immunologic reactions as exemplified by the 
antistreptolysin titer of the blood serum has been practically the 
same in both groups. 

There was no evidence that sulfanilamide caused renal damage 
in any case. 
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In previous papers on the effect of various sulfonamides on tlie 
groivth rate of Brucella meUtensh and of pneumococcus,* - tve dis- • 
cussed the advantages of the inanometric technique of measuring the 
bacterial metabolism quantitatively under physiologic conditions, 
as compared with the conventional liacteriologic methods of cultur- 
ing and counting the bacteria. In this paper we are reporting the 
results of nianometric determinations of sulfonamide effects upon the 
growth rate of staphylococcus. 

Experimental. Yen.- young cultures of three strains of hemolytic Staphy- 
lococcus albus and aureus were examined. They were isolated from the . 
blood of a staphylococcus cndocarditi;?, from the pus of a diabetic patient 



EFFECT QF SULFONAMIDES ON HEMOLYTIC STAPHYLOCOCCUS 173 

■with furunculosis and from a conjunctivitis exudate. Beef infusion-0.5 % 
■glucose-1 % Difco-Bacto-peptone broth (pH '7.4) was used as culture 
medium. Rough differences in the number of bacteria were measured with 
the photronreflectometer (Libby). The bacteria volume was determined 
in the hematocrit Ijy centrifuging aliquot parts of the bacterial suspension. 

Since measuring the number and volume of the bacteria with the photron- 
reflectometer and the hematocrit gives no information about the activity 
of the bacteria, the metabolism of the staphylococcus culture to be used 
was measured in a preliminary manometric experiment. In this, the oxj'^gen 
■consumption of one or two colonies of a 10- to 24-hour-old blood agar cul- 
ture suspended in glucose-peptone broth was recorded (1 to 3 hours) until 
active growth was quantitatively established. These cultures of definite 
age and activitj’’ were used for making the suspensions for the final experi- 
ments with the sulfonamides. 

Conical manometer vessels of 18 to 20 cc. capacity contained 2 cc. of the 
bacteria suspension in ^he main space. In the aerobic experiments the side 
liulbs of the manometer vessels contained 0.2 cc. 20% NaOH, and the 
oxygen consumption of the cultures was measured either in air or in other 
O 2 /N 2 mixtures. In the anaerobic experiments the medium was buffered 
with 0.01 to 0.025 IM sodium bicarbonate and the CO 2 formation was 
measured at various CO 2 concentrations in nitrogen. The temperature 
was 38° C. 

The drugs tested w'ere sulfapyridine sodium (sodium 2-sulfaiiilyl 
amino-pyridine monohydrate, Merck), sulfaguanidine (sulfanilyl 
guanidine, Lederle), sodium disulon (sodium sulfanilyl sulfanila- 
mide, Alba Pharmaceutical Co.), sulfadiazine (2-sulfanilamido-pyri- 
midine, Lederle), sulfathiazol (2-suIfanilamido-thiazol, Winthrop), 
and sulfathiazol sodium (sodium 2-sulfanilyl-aminothiazol sesqui- 
hydrate, Squibb). In testing the potency of the various drugs one 
should avoid using relatively small quantities of bacteria with rela- 
tively high concentrations of drugs, and low concentrations of the 
drugs with large quantities of bacteria, since in the first instance the 
same strong inhibitory effect is seen no matter what drug is used, 
and in the second, no inhibitory effect can be seen at all. One must 
therefore vary drug concentration and bacteria inoculum until 
maximal discrepancies in the effectiveness of the various drugs in 
equal or different concentrations become apparent. 

Figure 1 shows a typical experiment that complies witli these 
conditions. The potency of the various drugs can be read from the 
figures obtained for the oxygen consumption of a staphylococcus 
culture, recorded every 1 5 minutes. The percentage concentration 
of the various drugs used was 0.5 mg. per 1 00 cc. The initial density 
of the suspension was 700,000 organisms per cc. The original cul- 
ture was 1 hour old. The least effective of the drugs tested was 
sulfaguanidine. After -ih hours the oxygen consumption was 
(565 c.mm. per hour as compared to 865 c.mm. of the drug-free con- 
trol. Next in potency was sulfapyridine sodium (623 c.mm. O 2 con- 
sumption per hour), then sodium disulon (53-4 c.mm.), and sulfa- 
diazine (402 c.mm.). The most effective was sulfathiazol sodium 
and sulfathiazol (182 and 203 c.mm.). The number of bacteria 
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grown, even after so short a period, was in sulfadiazine more than 
twice, and in sulfapyridine sodium more than three times the growth 
in siilfathiazol. 

It is worth emphasizing that in the three strains of staphyloeoeeus 
tested, sulfadiazine had a greater growth-inhibiting effect than sulfa- 
jjyridine sodium, whereas in the case of ]>neumocoeeiis (Tyjjes I, 
II, III), examined under the same experimental conditions, sulfa- 
pyridine sodium proved definitely superior to sulfadiazine. For 
both bacteria, sulfathiazol was the most potent growth inhibitor. 
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HOUR OF EXPERIMENT 

' Fig. 1. 

Figure 2 shows the effect of 0.5 mg. ])er 100 cc. and 1 mg. per 
100 cc. .sulfadiazine and sulfathiazol on the stajjhylococcus growth 
rate. After 41- hours the growth inhibition of 0.5 mg. ])er 100 cc. 
sulfadiazine was 01% and of 1 mg. per 100 ce. sulfadiazine 77%. 
whereas 0.5 mg. ])er 100 ce. and 1 mg. per 100 cc. sulfathiazol caused 
inhibitions of 83% and 84% respectively. 

It seemed worthwhile to establish whether the growth-checking 
effect of the sulfonamides depends on an optimal oxygen concentra- 
tion, like that of atmospheric air, or whether it can also be demon- 
strated at lowered o.xj’gen concentrations and under anaerobic 
conditions. Figure 3 shows the effect of 3.3 mg. per 100 cc. sulfa- 
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thiazol on the staphylococcus growth rate in a beef-infusion-ghicose- 
broth culture (2.35-10~%I NaliCOs), determined by measuring the 
CO 2 formation at 5% CO 2 /N 2 (pH 7.44), The initial density of the 
suspension was about 50 times as high as that in the foregoing experi- 
ments (37 million organisms per cubic centimeter). The original 
cnltnre used as inoculum was 1 hour old. After an experimental 



Fiu. 2. — Effect of 0.5 mR. % and 1 mg. % concentrations of sulfadiazine and sulfa- 
(hiazol on growth rate of hemolytic staphylococcus. Initi.al density of suspension: 
740,000 organisms per cc. (1 hour old culture). 


period of 3 hours, the drug-free control showed a growth of bacteria 
corresponding to a CO 2 formation of 264 c.mm. per hour, Avhereas 
the CO 2 formation in the sulfathiazol containing culture was only 
52.5 c.min. Under anaerobic conditions then, in spite of the large 
inoculum, a concentration of 3.3 mg. per 100 cc. sulfathiazol caused 
a growth inhibition of 80%. Sulfadiazine, sulfaguanidine and''sulfa- 
pyridine sodium too exhibited a strong inhibitory effect on the 
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growth rate of staphylococcus under anaerobic conditions. In O 2 
concentrations of 8 vol.% and 4 vol.% the inhibitory effect of the 
sulfonamides was likewise apparent. 



Fig. S.— Eficet of .3.3 mg. % sulfathiazol on growth rate of hemolytie staphylorocciis 

in the absence of oxi/0cn. 

Summary. The effect of various sulfonamides on the growth rate 
of 3 pathogenic strains of liemolytic stapliylococcus was determined 
by measuring manometrically the oxygen consumption and anaero- 
b'ic CO 2 formation of glucose-peptone-brdth cultures. The order of 
potency of the various drugs tested was as follows: least effective, 
sulfagiianidine with a bacteria growth after 4i hours which cor- 
responded to an oxygen consumption of 665 c.ram. per hour, as 
compared to 865 c.mm. of the drug-free control; then sulfapyridme 
sodium with 623 c.mm.; sodium disulon with 534 c.mm.; sulfadiazine 
with 402 c.mm.; and sulfathiazol and sulfathiazol sodium with 203 
and 182 c.mm. respectively. 

The amount of sfaphyJococcal growth in sulfapyridme sodium was 
more than 200% in e.\'cess of that in sulfathiazol, while that m 
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sulfadiay.ine was only 100%. In pneumococcus cultures, examined 
under the sam'e experimental conditions, sulfapyridine sodium was 
definitely superior to sulfa diazine. For both bacteria sulfathiazol 
was the most potent inhibitor. 

By varying the concentratiops of the drugs it could be shown 
that sulfadiazine was only half as effective as sulfathiazol as a growth 
inhibitor of staphylococcus. The sulfonamides inhibit the staphylo- 
coceus growth rate not only at optimal, but also at lowered oxygen 
concentrations, and under anaerobic conditions. 
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CAVITY HEALING AND BRONCHIAL OCCLUSION. 

Bv Walter Bagel, ]\I.D., 
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MEDICAI. SUPERINTENDENT. 

I.ONDON, ENGLAND. 

(From the Pathology Department, Central Middlesex County Hospital, London, and 
the Middlesex County Sanatorium, Clare Hall, Barnet, England.) 

The anatomy of healed cavities which up to a short time ago 
was a matter of conjecture can now be based on reliable observations 
followed up by Roentgen ray studies and necropsy. The number of 
such cases, however, is still small and there is mueh speculation as 
to the complicated series of events leading to closure or elimination 
of cavities. Three anatomic forms of healed cavities can be differ- 
entiated: 1, The solid focus due to retention, inspissation and final 
calcification of the cavity' contents; 2, the radiating scar; 3, the 
bronchiectatic area remaining after the substitution of caseous and 
tuberculous elements in the cavity wall by ordinary granulation 
tissue, with subsequent epithelialization and fibrous shrinking of 
the spaee. 

No figures are available assessing how often one or the other type 
of change occurs in cavity healing. All this justifies adding to our 
previous report (Bagel and Simmonds'-) a further series illustrating 
the anatomy and development of cavity healing. 

Case Reports. Case 1.— R. R., female, aged 14, had cough for 1 3 ’’ear 
with sputum positive for tubercle bacilli, and advanced tuberculosis in each 
lung with cavities (probably 3 or 4 in the left lung) each of approximately 
1 to 1?, inches in diameter. Patient was treated by strict rest for 4 months, 

* Owing to ijostal diflicnltio.s!, proof of this article w.as not returned to the author 
for correction. 
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then left artificial pneuinotliorax (Dec. 9, 1938) and right artificial pneumo- 
thorax (Dec. 28, 1938) in -vieu’ of grave prognosis. Ca^dties still present 
on Jan. 1, 1939. Died, Feb. 6, 1939. 

Necrops7j revealed in the subpleural ventro-axillary aspect of the left 
upper lobe, 3 soft caseous but solid foci with a fibrotic capsule, 0.2 cm. 
thick. Two were in the subapical and infraclavicular region and one in the 
lower parts of the upper lobe near the interlobar fissure. This focus was 
larger than the others. Its largest part belonged to the dorsal portions 
of the lobe. In the ventral parts it forked and was seen in a section as 
two par% separated foci. Its contents were softer than those of the apical 
foci, consisting of caseous, necrotic, partly edematous material rich in 
leukocytes, poor in tubercle bacilli, and lacking collagenous and elastic 
elements. Similar material was found in the large bronchi leading to the 
focus. In the formalin specimen it tended to retract from the peripher 3 '. 
The lung tissue surrounding the apical and subapical foci was aerated and 
slightly emphysematous, whereas the dorsal parts of the lower and large.st 
focus were in collapsed and indurated lung parenchyma. 

Obviousljf the solid foci correspond in size and situation to the three cavi- 
ties seen in the roentgenograms. The cavities were, therefore, converted into 
solid fod. The last roentgenogram was taken 4 weeks before death. This 
case thus affords an opportunity of estimating the minimum lime necessary 
for the disappearance of a cavity. It should be noted that the cavities 
brought to closure were of considerable size, the lowest one reaching a 
diameter of about Ij inches. 

Case 2.— N. Q., female, aged 17, had tuberculosis for 1 year, with 
right artificial pneiunothorax in June, 1937, for hemoptysis. A cavity was 
present in right lower zone, and had spread on left side in 1938. Patient 
died following spontaneous pneumothorax on left side (Dee. 9, 1938). 

A cavity in the right lower lobe (Figs. 1 and 2) disappeared between the 
roentgenograms of Dec. 10, 1937, and May 26, 1938; it was much smaller 
in the roentgenograms of July 6 and Sept. 13, 1937 (in spite of neighboring 
infiltration). It was still smaller in the roentgenogram of Oct. 18, 1937 
(after absorption of neighboring infiltration). 

Necropsy. In the dorsal portions of the right lower lobe, lung tissue 
was collapsed and indurated and contained an old caseous encapsulated 
focus the size of a bean (Fig. 3). Sev'eral similar but smaller nodules were 
found, one in the apex and another in the more caudal parts of the lower 
lobe. In addition, a complete and calcified primarj' complex was detected 
in the right lower lobe and corresponding hilar gland. No cavity was 
vdsible in the right lung. 

The area of induration containing an old caseous encapsulated focus in 
the right lower lobe obvdou.sly corresponds to the cavity followed up in the 
roentgenograms until disappearance. According to radiologic evidence the 
conversion of the cavity into a solid focus was achieved in less than 6 months. 
It was a fairly large and not a thin-walled cavity and had been greatly 
reduced in size 2 months after pneumothorax was induced. 

Case 3.— M. B. W., female, aged 38, had bilateral pulmonary tuberculosis 
for 3 years, with cavity in right upper lobe, diameter li- inches (Fig. 4). 
Sputum tubercle bacilli positive. Extrapleural pneumothorax in Novem- 
ber, 1937. Cavdty not seen thereafter (Fig. 5). Patient died, Jan. 21, 1940, 
following spontaneous pneumothorax on the left side. 

Necropsy. The right upper lobe especially in the apical part was greatly 
shrunken, the pleura being about 1 cm. in thickness. The dorsal parts 
contained besides a subpleural emphj’sematous bulla and a few small swt- 
tered caseous nodules, an old caseous round focus with a thin capsule. The 
ventral parts of the caseous round focus connected with a bronchus filled 
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1‘IG. 1. — Case 2 (July G, 1937). Right lung. Cavity in lower zone. 

Fig. 2. — Case 2 (July 27,T93S). Cavity disappeared. 

^ Fig. 3. — Case 2. Solid focus in lower part of right lower lobe corresponding to 
site of cavity. No ca\'itj' \'isible. 

Fig. 4.— Case 3 (Ma 5 '^ 26, 1937). Large cavity in the infracla\-icular part of the 
left upper lobe. 

Fig. 5 —Case 3 (April 13, 1939). Extrapleural pneumothorax. Cavity disap- 
— ared. ' 
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with old caseous material and therefore very similar in nature to the round 
focus itself (Fig. 6). This area of caseous bronchitis was most impressive. 
The round focus and caseous bronchitis were obviously the remains of tlie 
cavity shown in the original roentgenogram and disappeared after extra- 
pleural pneumothorax treatment. 

Case 4.— B. M., male, aged 26, had tuberculosis involving both lungs for 
21 years. In the right side, he had alarge cavity below the clavicle (2-1 inches 
in diameter), and on the left side, three cavities were present, each about 
1 incl^in diameter, one just below the clavicle and the others more caudally 
(Fig. 7). A left pneumothorax was induced (March 8, 1940), and tlie upper 
and lowest cavities were thereafter no longer visible, although the middle 
cavity persisted (Fig. 8).- This cavity ruptured after the adhesion over it 
had been divided. 

Necropsy. The subapical region of the left upper lobe contained an 
encapsulated caseous focus which was round in the dorsal parts and oblong 
in the more ventral aspects. The capsule was thin, 0.2 cm. in width, the 
surrounding lung tissue emph 3 rsematous and not collapsed or indurated, 
(a) The cavity which the roentgenogram showed in the infraclavicular parts 
of the left lung was obrdously substituted by a solid round and partly oblong 
caseous focus. A tear into the middle part of the upper lobe (6) was present 
at the site of the central cardty (spontaneous pneumothorax). Another 
solid focus represented the lowest caxdtj' (c) (Fig. 9). 

Case 5.— -R. H., male, aged 23, had tuberculosis of left lung for 3 years 
with several caxdties, and was treated by artificial pneumothorax and adhe- 
sion section (June, 1937). Spread of disease noted in right lung, so left 
artificial pneumothorax was abandoned in May, 1940, and right artificial 
pneumothorax begun. Death resulted from right spontaneous pneumo- 
thorax. Roentgenogram, May 18, 1938: Extensive caxdtation left upper 
lobe, uncollapsed by pneumothorax. Roentgenogram, July 13, 1940: _ After 
artificial pneumothorax cavitation right upper lobe, no obxdous cavity on 
left side. 

Necropsy revealed a small shrunken cavity the size of an almond in the 
dorsal parts of the right upper lobe, near the interlobar fissure. The cavity 
was almost completely filled with inspissated contents, but still contained a 
small lumen which did not communicate with the bronchial system. 

Left lung: The upper lobe contained three well-encapsulated round foci 
with adjacent caseous bronchitis and in addition a few smaller nodules, 
but there was no cavity xdsible. The lung, as a whole, was shrunken and 
the pleural membrane thickened. 

The cavnties xdsible in the roentgenogram in the left upper lobe were 
replaced bj' solid round foci, whereas there was still a remnant of the cavity 
in the riglit upper lobe. The cavity in tliis part, however, is considerably 
shrunken, almost filled with inspissated contents and does not communicate 
witli the bronchi. It may be assumed that it would have closed completely 
if death had not intervened. The actual interval between the last roent- 
genogram sliowing a large uncollapsed cavity in the right lung and death 
was 3 weeks. Note that in this interval the cavity had nearty, though not 
completely, been replaced by a solid focus. 

Case 6.— Male, aged 41. ’ —ved a cavity and infiltra- 
tion in right mid-zone (Fig. ■ , , 1 . ■ • ■ ■ ■ pneumotborax_ bepn w 

December, 1936, was followed by adhesion-section, and maintained for 4 
j'cars. Roentgen^am in September, 1940, showed no lumen to an_ opacity 
representing previous cavity and infiltration (Fig. dl). Died April, 1941. 
At necropsv, in the right lower lobe there was an old drj' caseous, partly 
calcifying, nodule about 1 inch in diameter, with adjacent caseous calcifjnng 
bronchitis (Fig. 12). No cavity was seen in the right lung. 



FiC! (i. 


Flo. 7. 


Fio. 9A. 



Fig. 8. 


Fig. nB. 


Fig. (i. — Ca.se H. Loft upper lobe; F, Solid fnelts .at the silo of the eavil.y; I'J, 
oniphy.somalous bulla; B, ca.scous bronehitis attached to focus. 

Fig. 7. — Case 4 (Sept. 18.1939). Left upper lobe. showinp; tlireo cavities (arrow.s). 

Fig. S. — Cased (.Tunc 21, 1940). Two cavities have disa])peared; e.avity in mid- 
zone persistiiiK. 

Fig. 9. — Case 4. Left upper lobe; (n) Solid obloiiR focus (c.asoous bronchitis) 
in the svdiapical parts correspondiuR to cavity shown in the infraclavicular area of 
FiK. 7; (l») slit-shaped collaiised cavity in mid-zone with perforation corrcspondiiiR 
to mid-zone cavity in Fis. S; (c) solid focus in lower p.art of left upper lobe eorre.spond- 
iutl to lower cavity in Fit;. 7. ( ISI ) 


182 


PAGEL, SnniOKDS: 


Discussion, All cases presented in this series are examples of 
cai'ity healing by conversion of the space into a solid, caseous and 
calcifying focus. At necropsy no cavity could be traced, but cor- 
responding in situation, shape and size in the specimen was a caseous 
nodule looking like an ordinary “round focus.” 

Fig. 10 Fig. 11 



Fig. 12 

Fig. 10.—C»fv <>. Oct. 17, lOaii. Cavit.v (arrow) and infiltration in the riKlit 

mid-zone . , 

Fig. n.— Case (i. Sept. 17, 1040. Larce artificial pneumothorax risht. Oavii) 

replaced by solid shadow (?scar). , , u .!n.T 

Pkj. 12. Ca.se (1. .\natomifi specimen of lower part of riRht upper lotie sliowint, 

cnlcifyinc round focus with cmeo-im hroncltitig at site of cavity. 
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Various stages of the development are represented in the cases 
described. The last stage, i. c., calcification, was traced through 
from the initial cavity in our observation reported in a previous 
paper (Pagel and Siminonds^‘0- 

In the present case. Case 1, the process of closure must have 
been very recent. The roentgenogram still showed the cavities, but 
at necropsy, foci consisting of a soft caseous matter had taken 
their place. Two ]3oints are noteworthy in connection with this 
case : (a) ddie short inter\-al of 4 weeks necessary for the Conversion . 
In our previous series^- (loc. cit., 1939, Case 4) a similar instance 
was reported and an interval of 2 months was found between the 
last roentgenogram still showing the ring shadows of cavities and 
the necropsy revealing soft, but solid nodules. Three months 
was the interval in the observation by Pagel and Roberts.^" We 
are in accord with Pinner^'’'' that the soft focus as seen in these 
cases may revert, and need not necessarily result in permanent 
closure, but it is, no doubt, an earlier stage of the older caseous and 
calcifying nodule which is found in securely stabilized, i. e., healed 
cavities, (b) The same soft material as in tlie nodule was found in 
the bronchi leading to the closed cavities. One of them coiLsisted 
in its whole A’cntral part of a system of bronchi with caseous material 
(“caseous bronchitis”). This shows the importance of the bronchi 
at an early stage in cavity healing. Even more pronounced was 
the caseous bronchitis in Case 3 which showed a more advanced 
stage with beginning calcification of the closed cavity. 

The same prominence of caseous bronchitis attached to closing 
or healed cavities has been noted in our previous series^- (loc. cit., 
1939, Cases 2 and 3) and it appears to be an essential feature. 
Only in the present Case 2, we found no. caseous bronchitis, the 
bronchi leading to the closed cavity being obliterated, ending blindly 
in the fibrotic capsule. 

Such frequent observation of an area of caseous bronchitis imme- 
diately connected with the closing or healed cavity has not been 
recorded in the few anatomic cases of closed cavity healing which 
have been described, although it has been emphasized that there 
was no communication of the focus with the main bronchi (Wurm,i® 
Auerbach and GreeiP). Our findings are, however, important in 
the light of Coryllos’ theory Avhich regards early bronchial closure 
as the main factor in cavity healing. Pinner^*' has also recently 
given a qualified support to his view. The pictures presented in 
this paper are evidence in favor of this theory. It cannot be 
assumed that the bronchial changes are secondary to cavity closure 
for the following reason: If early infiltrations of the Assman type 
or early “round foci” are examined anatomically caseous bronchitis 
will be found connected with the focus in practically all cases, and 
in some of them forms the main part of the changes or the lesion 
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itself. If pa^•ity foniiatioii occurs, liquefaction manifests itself first 
and most intensely in the focus and secondarily, to a lesser degree, 
in the caseous bronchus leading to it. This is probably dtte to 
multiplication of tubercle bacilli in the focus and not in the bronchus. 
It is obvious that after liquefaction of the central focus the bronchus 
often retains a considerable quantity of caseous material leading 
(particularly after induction of collapse therapy) to occlusion and 
kinking of its lumen with all consequences of cavity collapse, reten- 
tion of cavity contents and healing, such as ^•isualized by Coryllos. 
Thickening of the bronchial wall by tuberculous inhltration and 
edema increase the tendency to occlusion. 

As a rule, caseous bronchitis Avhich may thus lead to occlusion 
of the cavity is a diffuse lesion involving the bronchial wall in its 
whole length and not only a localized “bronchial plug” formed' at 
the entrance of the bronchus into the cavity. Those authors who 
advocated the theory- of cavity healing by bronchial occlusion 
suggested that a “bronchial plug” is responsible. Such “bronchial 
plugs” do occur. First anatomical evidence of this has been given 
by one of us (Pagel and Roberts'®) in a case in Avhich a " bronchial 
plug” accounted for distention and subsequent extensive collapse 
of a cavity and surrounding lung tissue. 

These changes in the bronchi, beneficial when they lead to cavity 
healing, maj- be a most dangerous element in other cases when the 
bronchial lumen is partially obstructed and acts as a valve allowing 
air to enter, but not to leave the ca\'ity. Such action leads to 
cavity distention, at times of severe degree. A libera! oxygen 
supply thus provided might accelerate the multiplication of tubercle 
bacilli and the breakdown of lung tissue. This, combined with 
intracavitar3'^ tension, leads to rupture and pleural contamination. 
It is shown bj' one of the cavities observed by Pagel and Roberts’® 
which exhibited extensive caseous changes all along the wall of the 
draining bronchus and had ruptured in the course of artificial pneu- 
mothorax treatment and adhesion cutting. In this way serous 
effusion and emp^'ema are produced. This complication is much 
more common when the cavity' fails to close b^' pneumothorax 
therapj'— in other words, when the cavitv remains tense bj' the 
valvular action outlined. 

In our view, the presence of tuberculous caseous bronchitis con- 
nected with a cavitv has not been sufficientl.v emphasized. Not 
onl.v in the stages of cavit.v healing described or in the gross com- 
plications mentioned above, but at all stages of cavit.v formation 
and development, does this bronchial lesion pla.v its part. Particu- 
larl.v in the earlier and elastic stages of the cavitv, bronchial tuber- 
culosis with its valve mechanism causes the increase, and sometimes 
rapid variation, in cavity size. It accounts for the circular shape 
of cavities seen in the Roentgen ray film, though such ca\-itics seen 
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ill the cadaver may be irregular in shape due to postmortem diffu- 
sion of the air in them. 

As to the question of frequency of the various forms of anatomic 
cavity healing, the present authors have now collected a total of 
10 cases. In only 2 of them “open cavity healing” (i. c., healing 
of the cavity wall with persistence of the hole) was observed, while 
8 Avere examples of cavity closure by conversion into a caseous or 
calcifying nodule. There Avas, hoAvever, no example of healing by 
formation of a radiating fibrotic scar.* Although the number of 
cases is still small and hardl}' permits of a statistical analysis, healing 
by conversion of the cavity into a solid focus seems to be the most 
frequent anatomic basis of cavity healing. 


Tabi.k 1.— Types of Cavity Healing in Cases iyitk Necuopsy. 



Open 


Conversion 

Hydrops 


car-ity 

Radiating ii 

to solid 

of 

Antliors. 

licaling. 


scar. 

foens. 

cavity. 

GillierU 

. . . . 


1 

1 


PagoP 

. . 1 





Alexander' 

. . 1 





Graeff' 




1 


MePhedran and Long* 



1 



Sweany'" 



1 



.Amlicrson- 





1 

Pagel and Robinson" 

. . 1 





V. Karwowski^ .... 



1 



Pinnor''’“ 



2 



Pinner'^** 

. . 1 


1 



Dei'scheid and Toussaint-' 




1 


Pagel and Roberts'" . 




1 


AVurm''' 



3 

1 


Pagel and Simmonds'- 

. . . ^ 



2 


Auerbach and Green" 

. . 1 


1 

3 


Pagel and Simmonds 




0 


Total 

. . 5 


11 

It) 

1 

Total of 38 cases. 






The .same conclusion 

emerges from 

a study 

of the 

literature 


(Table 1) and has been draAvn by Auerbach and Green.® The fre- 
quency of cavity healing by conA’ersion into a solid focus Aundicates 
the assumption made by many clinicians for a long time that a calci- 
fied nodule often represents the last remnant of a healed cavity. 
This Avas often doubted and the calcified nodule regarded as ancient 

* The 2 cases of open cavity healine arc those described by PagcU and Pagel and 
Robinson," the othoi-s observed by Pagel and Simmonds.'^ Pagel and Simmonds’ 
pa])oi- had Ijecn sent to press for a long time when the observations by AVurm'' and 
Derecheid and Toussaint'* appeared. Before this there was only one observation of 
cavity healing by conversion into a solid focus, that by GracfT.' The instance de- 
scribed Ijy Ambcrson= shows a special form of cavity closure. It appears to bo filled 
with a fluid rich in cholesteroi ci-ystals: "Hydrops of the Cavity.” This m.ay 
constitute an e.arly stage of conversion into a solid focus, but in Amberson’s case the 
hydrops had persisted for 10 years and it is unlikely that conversion would have 
occuri'cd thereafter. 
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primary or postprimary foci appearing in -the roentgenogram after 
the cavity has disappeared (Wurm*®). 

In the whole material of the present authors the healing of the 
cavity was spontaneous in only 1 case and in the other 10 collapse 
therapy had been employed (in 8 cases artificial pneumothorax, in 
2 extrapleural pneumothorax). 

Healing by conversion into a solid focus, as also that by formation 
of a radiating scar, obliterate the cavity; in open cavity healing a 
space persists. The first two methods of cavity closure may be 
grouped together, therefore, as far as the result is concerned. It is, 
however, doubtful whether the\' ha^e anything else in common, 
notabl\’ in their pathogenesis. Nor is it conceivable that one form 
is the terminal phase of the other; in other words, solid caseous 
material which tends to calcification is unlikely to disajjpear com- 
pletely and result in a fibrotic scar. It is more likely that either 
concentric fibrosis with a final scar, or inspissation of cavity contents 
without conspicuous fibrosis, occurs. 

l^Tiy do some cavities heal by scar formation and others by cmi- 
version into a solid nodule? The answer to this question must 
remain a matter of speculation, but the following explanation is 
tentati^■ely advanced. In our own series, pneumothorax was the 
means of therapy used. Following this operation there jnay be a 
rapid closure of the bronchus which has been alread.y partially 
obstructed bj* caseation. The thick caseous lining of the ca^■i^y 
therefore does not have time to be discharged or to become absorbed, 
but absorption of the air in the cavit}' allows collapse and the 
caseous lining appears as a solid encapsulated focus. Where the 
bronchus is more patent, drainage is more free and there is less 
material to form a solid nodule. The closure of the ca^■ity also 
may then be a slower process and be accomplished by concentric 
shrinking of the cavity wall by fibrosis and obliteration of the 
lumen with the final result of a scar. 

In view of the rapid changes in size which cavities can assume 
(according to intracavitary pressure and the condition of the bronchi, 
as shown by the pioneer work of Pearson*®) it is hardly justifiable to 
continue otiose considerations as to the maximum size of a cavity 
permitting of healing. 

Summary. 1. A new series of 6 cases illustrating the anatomy 
of healed caA’ities is described. 

2. All observations were examples of cavity healing by conversion 
of the space into a solid caseous nodule. 

.3. Four weeks appears to be the minimum time needed for this 

process. _ . . 

4, Anatomic evidence was adduced that occlusion of the draining 
bronchi (either by obstructive caseous bronchitis or by formation of 
a caseous plug) is largely instrumental in this form of cavity healing. 
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5. Nine of 11 cases observed by the present authors and 16 out 
of 33 instances of anatomic cavity healing recorded in the literature, 
are examples of healing by conversion into a solid nodule. The 
frecpiency of this form vindicates the clinical assumption that not 
infrequently calcified nodules appear at the site of former card ties 
as the terminal stage of healing. 

6. Conversion into a fibrotic radiating scar and into a solid focus 
differ in genesis and are identical only in the result— the disappear- 
ance of the actual space. 


REFERENCES. 

(1.) ■ Alexander, H. : Bcitr. z. Klin. d. Tuherk., 86, 424, 19.35. (2.) Amberson, 

J. B. : Am. Rev. Tubcic., 33, 209, 1936. (3.) Auerbach, O., and Green, H. : Ibid., 
42, 707, 1940. (4.) Derscheid, G., and Toussaint, P.: Arch, mdd.-chir. de I’app. 
rospir., 13, 115, 1938. (6.) Gilbert, M.: Rev. de la tnberc.. 12, 979, 1931. (6.) 

GraefE, S.; Ergebn. d. ges. Tuberkforsch., 7, 257, 1935. (7.) v. Karwowski, J. : Beitr. 

z. Klin. d. Tuberk., 89, 59, 1937. (8.) McPhedran, R. M., and Long, E. R.: Arch. 

Path., 20, 168, 1935. (9.) Pagel, W.; Beitr. z. Klin. d. Tuberk., 79, 383, 1931-32. 

(10.) Pagel, W., and Roberts, L.; Brit. Med. J., 2, 1258, 1938. (11.) Pagel, W., 

and Robinson, H. J. : Papworth Res. Bull., 1, 37, 1936. (12.) Pagel, W., and 

Simmonds, F. A. H.: Am. .1. Med. Sci., 197, 281, 1939. (13.) Pearson, S. V.: Brit. 

Med. J., 1, 380, 1930. (14.) Pinner, M.: (a) Pathologj" of Pulmonaiy Collapse, in 

Alexander’s The Collapse Therapy of Pulmonary Tuberculosis, Springfield, 111., 
Charles C Thomas, 1937; (5) Am. Rev. Tuberc., 42, 731, 1940. (15.) Sweany, 

H. C.: Ibid., 32, 545, 1935. (16.) Wurm, H.; Pathologischc Anatomic d. Heilungs- 

vorgaenge b. d. tuljerkul. Lungenkaverne, in Hein-Kremer-Schmidt, Kollnpstherapio 
dcr Lungentuberkuloso, Leipzig, Thieme, p. 33, 1938. 


HYPOPROTHROMBINEMIA IN PERNICIOUS ANEMIA. =>= 

By E. D. Warner, hl.D., 

APSOCIATK PnOFKfiSOR OF PATHOl.OfHN 
AND 

C. A. Owen, hl.D., 

ASSISTANT IN PATHOEOGV, 

IOWA cm', IOWA. 

(From Ihe Department of Pathology, Rtato University of Iowa.) 

The plasma protlircfinliin level is frequently 15% to 25% below 
normal in patients with chronic debility, despite administration of 
adequate amounts of Vitamiu K. This was found to be true of the 
nutritional defieieney states seen in the Nutrition Clinic of the 
Hillman ITosiiital at Birmingham, Ala. Similar values were ob- 
tained in many debilitated patients in the University Ho.spital at 
Iowa City. 'Phc combined re.sults of both studies were recently 
rejiurted.'' Tn contrast to this mild hypoprothromliinemia, several 
patients with iiernieions anemia, seen at the Hillman Hospital 

* Aided l)y u gr-aut from the .Tohu and Mary R. Markle Foundation; funds for 
teehuieal ji.ssistaueo were .supplied by the Graduate College. State. University of 
Iowa. 



188 


WARNER, OWEN: 


through the courtesy of Dr. R. W. ^’ilter, were found to have only 
about one-half the normal amohnt of prothrombin. 

In recent studies at the University Hospital we have extended 
these preliminary observations on pernicious anemia. In addition, 
we now have data to show that this hypoprothrombinemia is not 
appreciably affected by the administration of vitamin K. Follow- 
ing the institution of liver therapy, howe\'er, there is an abrupt rise 
in the prothrombin level. 

Material and Method. Twent 3 ' cases of Addisonian pernicious anemia, 
admitted to the Universitj’’ Hospital, were made available for studj' by 
the staffs of the Departments of Medicine, Neurologj’’ and U^olog}^ The 
diagnosis was based on the historj', and the clinical and laboratorj' findings, 
together with the hematologic response to liver e.xtract. 

Twelve of the 20 cases received dail.v intramuscular injections of 1 to 
5 cc. of liver extract (Lilty or Lederle, 15 U.S.P. units per cubic centimeter). 
Of these 12, 7 were given vitamin K for 3 to 6 daj's prior to the institution 
of liver therapJ^ As a source of vitamin K activity we administered 
2-methjd-l, 4-naphthoquinone in 5 of the cases (6 mg. daity, given in corn 
oil, along noth bile salts). Instead of this compound, 2 cases received daily 
intravenous injections of 1 mg. of 4-amino-2-meth3d-l-naphthol (“Sjmka- 
min”*). Prothrombin determinations were made b}" the two-stage method 
of Warner, Brinklwus and Smith.'*-“ 


Table I.— Prothrombik Valves ix P.atie.vts With Perniciocs Akemia. 



Erythrocyte 

hematocrit, 

Prothrombin, 

Central nervous 

Ca«!e No. 

%. 

% of normal. 

system damage.f 

1 . 

11 

40 

++ 

2 

14 

40 

++++ 

3 . 

15 

52 

++ 

4 . 

, . 17 

50 

+ 

5 

IS 

45 

0 

G . 

19 

45 

+ + +• 

7* . 

19 

52 

+++ 

S 

20 

40 

+ + + 

9 . 

20 

50 

+ + + + 

10 . 

20 

os 

+ + 

n . 

21 

42 

+ 

12 . 

09 

59 

+ + + 

13 . 

23 

47 

+++ 

14 . 

24 

42 

++ 

15 

20 

73 

+ + 

10 . 

. .27 

47 

+++ 

17 . 

29 

43 

+ + 

IS . 

29 

00 

+ + 

19 . 

31 

82 

-f 4" 

20 

35 

5S 

++++ 

t Central 

nervous system damage estimated :is 

follotv.s: 0, 

no subjective or 


oUjcctivo fin(liii(55; +, paiostlip.sia;; ++, mild objcrtivo fiiuliiiRs; + + + . marked 
oUjectivo findinss; -f + + + , cord dcRcneration to the point of paraly.sis. 

Results. The prothrombin values obtained tit the time of admi.s- 
sion in this group of cases are shown in Table 1. "^I’lie cases are 
listed in order of hematocrit values. Onl.v 3 of the patients showed 
prothrombin values greater than two-thirds of the normal level, 
and in 10 (one-half of the eases) the values were less than one-half 

* The ‘‘S^Tikamin” used in this study was kindly furnished by Parke, Davis A Co. 
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of the normal. There is some tendency for the lowest values to 
occur in the cases in which the anemia is severe. However, it is 
evident from the table that the degree of anemia and the degree of 
hypoprothrombinemia are not closely correlated. ' There is no cor- 
relation whatever between the degree of prothrombin deficiency 
and the amount of nervous system damage. 



Chart 1. — Prothrombin response to therapy in pernicious anemia (12 eases). 

The effect of therapy on the prothrombin level of the treated 
cases is shown in Chart 1. The fii-st part of the chart shows that 
the administration of large amounts of vitamin K had no consistent 
influence on the prothrombin values. The very slight improvement 
seen in a few of the cases is not more than might result from general 
improvement incident to bed rest. The last part of the chart shows, 
in contrast, that the level rises rapidly following the institution of 
liver therapy. The rise was somewhat more rapid than the cor- 
responding increase in circulating red cells, and was much greater 
than could result from simple concentration of the plasma due to 
increase in the hematocrit. Maximum prothrombin values, reached 
in about f week, were maintained. The prothrombin level did not, 
however, rise to quite normal values, and in general, the level 
ultimately reached was higher in the cases having the higher initial 
values. In the majority of the cases the daily dose of liver extract 
was 1 cc.; a few given larger amounts showed no greater prothrombin 
re.sponse. 

vot.. 20.^, NO. 2. — FF.nnu.\TiY. 1942 7 
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Discussion. The lowest prothrombin value observed in the.se 
cases, 40% of normal, is above the level at whieh bleeding ordinarily 
occurs, and none of the cases showed any clinical eiddence of hemor- 
rhage. It is perhaps significant, however, that the clotting power 
of the blood, as measured by the one-stage prothrombin methods, 
is essentially normal. Thus, the prothrombin levels in these cases, 
by both the “ bedside ” test® and by the method of Quick,- were 
found to be within normal limits, and were not modified by treat- 
ment. The biologic significance of the failure of the one-stage 
tests to agree with the two-stage method, in certain conditions, is 
not yet apparent. The suggestion of Quick and Grossman’ that 
the two-stage method may be affected by variation in other plasma 
proteins receives no support in the present instance. Plasma pro- 
tein determinations in a number of our cases yielded values for both 
the total protein and the albumin-globulin ratios which were within 
normal limits, and which -were not altered by treatment. Perhaps 
•- some compensatory rnechanism, as has been suggested in other con- 
ditions,*-®-^ permits a more ready, utilization of the prothrombin 
available in pernicious anemia. 

The basic reason for the prothrombin fall reflected by the two- 
stage method is at present obscure. It is not obviously related to 
the anemia itself, for many long-standing cases of secondary anemia 
and of aplastic anemia show no depression whatever. Even in 
pernicious anemia the change is not clearly related to the degree of 
anemia. 

The beneficial effects of liver therapy might seem to imply that 
the liver extract sujjplies some unknown factor needed for prothrom- 
bin production. However, it is, perhaps, even more likely that the 
rise in the prothrombin level is related to improvement in function 
of some organ— the liver for example. It is known that the liver is 
concerned in the manufacture of prothrombin, and studies on the 
excretion of urobilinogen' do, in fact, sugge.st mild hepatic insuffi- 
ciency in cases of pernicious anemia. 4'lie prothrombin response 
in pernicious anemia may be related to the re.sponse in red cell pro- 
duction, but any such relationship is not yet apparent. In any case, 
the beneficial effect of liver extract on the production of prothrom- 
bin appears to be confined to cases of pernicious anemia. IVe have 
admini.stered liver extract to newborn infajits, as well as to patients 
with Lacnnec’s cirrhosis and to patients with obstnictivc jaundice, 
ff’lie hypoprothrombiuemia pre.sent in such eases did not re.sjiond to 
the liver extract. Likewise, the mild hypoprothrombiuemia seen in 
debilitated jiatients does not re.sj)ou(l to this form of treatment. 

Summary. Patients with Addisonian pernicious anemia in re- 
lajise usually show considerable decrease in plasma prothrombin. 
In the majority of such cases, the prothroml)in level is fouiKl to I)e 
iH'twecn 40% and ().5% of the normal. The hypoprothronihinejnia 
is not rectified by large doses of vitamin K. Wlicn specific liver 
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tiienipy is instituted, the plasma protlirombiu level promptly shows 
a marked rise. 
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INFLUENCE OF ACTIVE AND INACTIVE ANTIANEMIC PRINCI- 
PLES UPON THE ERYTHROCYTES OF THE IMMATURE 
OPOSSUM (DIDELPHYS VIRGINIANA). 

By' Joseph Stasney, M.D., M.S., 

INSTUUCTOU IN PATHOLOGY AND BACTERIOLOGY, THE SCHOOL OK MEDICINE OF 
LOUISIANA STATE UNIVERSITY, 

AND 

IhnvAKD L. Buhn.s, M.I)., 

ASSISTANT PROFESSOR OF PATHOLOGY AND BACTERIOLOGY, THE SCHOOL OK MEDICINE 
OF LOUISIANA STATE UNIVERSITY, 

NEW ORLEANS, LA. 

* 

(From the Departments of Pathology and Bactcriologj' of the School of Medicine 
of Louisiana State University and Charity Hospital of Louisiana.) 

Because of certain similarities between the erythrocytes of 
mammalian fetuses and those of patients tvith pernicious anemia'-’ 
attempts have recently been made to influence the rate of matura- 
tion of fetal erythrocytes by the experimental administration of 
antianemic principles to animals during gestation.* Adequately con- 
trolled studies have shown demonstrable changes in the periph- 
eral blood and bone marrow of treated mothers, although this 
observation has not been confirined by all observers. Schlieke,® in 
the largest series of e.xperimental animals reported to date, has 
confirmed the original oliservation that normal gastric juice, when 
administered to pregnant albino rats, influences the rate of matura- 
tion of the fetal red blood cells. He also reviewed comprehensively 
the controversial observations of the various workers in this field, 
his review including all but the two most recent reports,*-* in both 
of which the writers failed to secure results by this method. 

d'he inaccessibility of common mammalian fetuses to direct 
injection made it desirable to find a species in which antianemic 
])rinciples could be injected directly into the developing animals 
rather than into the mothers. The marsupial opossum {Diflcipln/.v 
virpinuDia) is a suitable animal for this purpose, as Yve have pointed 
out in a preliminary study," because in this species, after an intra- 
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uterine life of approximately 12 days,--'* the immature young live in 
the maternal pouch for 90 days. In this same study^ we also reported 
observations which indicated that pouch opossums had a macro- 
Q-tic anemia, as compared to adult animals, and that the direct 
injection of antianemic principles into the immature animals in the 
maternal pouch reduced the size of their erythrocytes. 

Materials and Methods. The studies reported in this paper were carried 
out on 6 adult male opossum.s, 4 adult non-pregnant female opossums 
and 117 immature opossums. The immature opossums were contained in 
the pouches of 18 adult female opossums. The adult animals were trapped 
in Louisiana and Mississippi during the winter months of 1939 and 1940. 

During the experimental period each adult animal was housed in a 
separate cage and fed a diet consisting of fresh Purina dog chow, hone 
meal, milk and water. 

The number of young animals found in a single pouch varied from 5 to 9. 
Fort 3 ^-nine were used in 1939. The crown-rump lengths of the animals in 
this 3 mar varied from 5.5. to 7 cm. and averaged 6.39 cm. at the beginning 
of the experiment. No significant variations were noted in the size of the 
litter mates. Sixt 3 ^-eight animats Avefe used in 1940. The crown-rump 
lengths in this 3mar A^aried from 5.5 to 7 and aA’eraged 6.62 cm. at the 
beginning of the experiment. Slight variations Avere noted in the size of the 
litter mates. 

The animals in each pouch Avere diAuded into 2 groups, one of Avhich con- 
sisted of treated animals and the other of untreated controls. Each animal 
Avas identified b3^ an ear puncture. 

The immature opossums in the A-arious maternal pouches Avere 
divided into 5 groups, as follows: 

Group I. Thirt 3 ’-nine animals. TAA’ent}’ experimental and 10 
control animals were used in 19.39, and the studies Avere repeated on 
5 experimental and 4 control animals in 1940. The treated animals 
Avere giA'en dailA" intraperitoneal injections of concentrated normal 
human gastric juice, in doses A'arA’ing from 0.1 to 0.2 cc., for periods 
varying from 3 to 13 daA s. The total amount administered varied 
from 0.8 to 2.2 cc. The gastric juice, which Avas secured from 
normal subjects after injection of histamine, Avas prepared from 
seA'eral samples, which Avere pooled, filtered, concentrated 10 times 
bj' eAmporation, and neutralized with NaOH just before being used. 
This material presumably contained the intrinsic factor of Castle; 
no attempt Avas made to determine the presence dr absence of the 
extrinsic factor. 

Group II. TwentA'-six animals. Nine ex-perimental and 10 con- 
trol animals AA'ere used in 1939, and the studies repeated on 4 experi- 
mental and .3 control animals in 1940. The treated animals AA'ere 
giA'en daih' intraperitoneal or subcutaneous injections of a concen- 
trated solution of liver extract (Lederle, 1 cc. containing 15 U.S.P. 
units),* in doses A'arA'ing from 0.1 to 0.2 cc., for periods^ A'ar3'ing 
from 3 to 14 days. The total amount administered varied from 
0.3 to 2.6 cc. 

* Generously supplied by the Lederle Laboratories, Inc., New "iork. 
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Group III. Twenty-six animals, 16 of which were treated and 
10 of which served as untreated litter mate controls. All the experi- 
ments were carried out during 1940. The treated animals were 
given daily intraperitoneal injections of inactivated concentrated 
normal human gastric juice, in doses varying from 0.1 to 0.2 cc., 
for periods varying from 5 to 11 days. The total amount adminis- 
tered varied from 1 to 2.2 cc. The gastric juice Avas prepared by 
the method already described; inactivation Avas accomplished by 
heating it to 100° C. for 15 minutes. 

Group IV. Eighteen animals, 11 of AAdiich Avere treated and 7 of 
Avhich served as untreated litter mate controls. All the experiments 
Avere carried out during 1940. The treated animals Avere given daily 
subcutaneous injections of an inactivated concentrated solution of 
liver extract (Lederle, 1 cc. containing 15 U.S.P. units), in doses 
varying from 0.1 to 0.2 cc., for periods A^arying from 2 to 10 days. 
The total amount administered A’^aried from 0.4 to 1.5 cc. The liver 
extract Avas inactivated by heating it in the autoclaA^e to 121.5° C. 
under 15 pounds of pressure for 30 minutes. 

Group V. Eight animals, 5 of AA'hich Avere treated and 3 of Avhich 
sei’A^ed as untreated litter mate controls. All the experiments Avere 
carried out during 1940. The treated animals Avere given 6 daily 
intraperitoneal injections of 0.2 cc. of concentrated gastric juice 
obtained from a patient Avith Addisonian pernicious anemia. The 
gastric juice Avas prepared by the method already described; neu- 
tralization Avith NaOH Avas unnecessary. 

Blood Avas obtained from every immature animal in both treated 
and control groups at the beginning and the end of each experiment 
by cutting the tail A^ein, heparin being used as an anticoagulant. 
Only a fcAV drops of blood Avere collected from each animal. The 
blood samples from the 6 adult male and 4 adult non-pregnant 
female opossums Avere secured by cardiac puncture. 

The folloAving determinations, the data from Avhich Avere all 
analyzed statistically, ^ Avere carried out on each sample of blood : 

1. Total number of red blood cells per c.mm., by the use of 
standardized pipettes. 

2. Percentage of packed red blood cells in the AA'hole blood, by 
the use of the Van Allen type of hematocrit and centrifugalization 
at 2400 revolutions per minute for 15 minutes. 

3. Mean corpuscular A’olume, computed according to the method 
of Wintrobe. 

4. Mean maximal diameter of the red blood cells. This A^alue 
was obtained by measuring, at a magnification of 1000 times, from 
100 to 200 red blood cells, AA'hich AA'ere stained Avith Wright’s stain 
and focussed on a ground glass plate. Measurement of the mean 
maximal diameter of the red blood cells AA-as obtained in all cases, 
but technical difficulties made some of the other determinations 
impossible, as indicated by Tables 1 to 5. 



Effect of Nobmae Human Gastmic Juice on Ehvthhocvtes or Pouch 
O i'ossuMs (Ghoup H. 

Before ticatinciit. 

Expel iinciitiil. Control. 


Tahee 1. 


Viiliies. 

Number of animals 
liBC* in mUl.jc.mm. 
Variance of means 
DifTeroncc . 

t 

P 


24 12 

2.180 2.187 

0.0012 0.0024 

0.001 
0.0017 
0.9 


■After Ireetim-iil. 

E.xpeiiineiital, Coiiliol. 
24 12 

2,534 2.190 

0.0045 0.0029 

0.344 
4.0070 
>0.01 


Number of animals 
Volume of packed 
A'ariauec of means 
DifToronec . 


t 

P 


24 12 

34.07 35.20 

0.2317 0.3542 

0.53 
0.0925 
0.5 


24 12 

29.00 33.95 

0.0029 O.SGOS 
4.89 
3. 9018 
>0 01 


Number of animals ... 24 12 

Mean coriniscitlnr volume of 

BlSCl* in cubic mieroii.s 158.75 101.75 

Variam-o of mean.s ... 9 0833 13 3121 

Uifferonce -30 

f. 0 0339 

P 0.5 

Number of animals ... 25 14 

Mean mnritnal diameter of 

BBC* in microns . 8.988 9.157 

Variance of moans . . 0.0039 0.0093 

Difference 0. 109 

t 1.4098 

P 0.2 


* .(Averaste valnc.s. BBC — erythrocytes. 


24 12 

114.75 150.33 

5 8901 21 . 145.0 

41.58 
7.9959 
>0 01 


25 14 

7,920 8.828 

0 0023 O.OWO 

0 90S 
11.4574 
>0,01 


Tabi.e 2.— Ei^fect of Co-s'centiexted Livek Exthact on EitYTHttocvTus OF Pouch 

Opossu.ms (Group II). 


.After treatiaeiit. 


Values. 

Nniiibor of animals 
BBC* in mill.Ic.mm. 
A'arianec of moans 
Difference . 

t 

P 


Before treatment. 

Experimental. Control. 
7 10 

2.017 2.118 

O.OOGO 0.0038 

0.101 
1.0197 
0 3 


Experimental. Control. 
7 10 

2.807 2,331 

0.0019 0 0051 

0.470 
5.7050 
>0.01 


Number of animals 
Volume of packed BBC,* 
Variance of means 


% 


Difference . 
t . . . 

P . . . 


7 10 

32.29 34.10 

0,8436 0.4918 

1.81 
1.5662 
0.1 


7 10 

33.09 35.47 

2.379S 0.7809 

2. 38 
1.3.387 
0.2 


Number of animals 
Mean corpuscular rolnmc of 
BBC* in cubic microns 
Variance of means 
Difference ...... 

t 

P ■ . 


7 10 

158 00 160,00 

0.0952 12.6766 

2.90 
0.6093 
0.5 


7 10 

117.28 152.80 

15 0028 37.7733 

35 . 52 
4.8893 
>0.01 


Number of animals . 

Mean maiimal duinuttr of 
BBC* in microns 
Variance of mean.s 

Difference 



P 


13 13 

9 030 8,938 

0.0081 0.0012 

0.092 
0.9042 
0.1 


* Average values. BBC >= erythrocytes. 


13 13 

8. 000 9.000 

0.0189 0.0010 

1.000 
O.OHI 
>0 0 ! 


( 194 ) 



or I»Aor,v^„„ 

-- - “--a-’TSotlS,' 

Values. -^!^°'’® t'-eatment. 


\T 1 Value.s. 

P . ’ ' ' ■ 
J^'iniJjer of animals 

P .■■■••. .' 

Number of animals 

^^«nanceofn 

Differereo ■ 

P .■■•••,.' ■ 

Number of animals 

^^a»ictcr of 

^"arianre of ^ 

pifforenco ■ • ' 

P .■■••. . ' ■ 

* Averaffo values. 


■** '^^USSUMS ( 

E^'perimenfar ' 

If! ■ C-oiUrol. 

2-378 

0.2077 

0.8 

33.28 3 ^° 

0.2540 

ois 

0.2420 

O.S 


10 


10 


Juice on EnvTHno- 

Experimental. 

2’ 591 ^2 

»■»» 

0.48.30 

0.7 

0. 1450 
0.0 


1^0.02 11, „ 

0.0124 

0.9 


10 




3.27 
0.0071 
0.02 
0.1546 
0.9 

oii’thi-oe3!tes. 


10 

3.29 
0. 0090 


10 

321,. 37 

11.3410 

0.77 

0.0117 

0.9 


10 

320.00 

30.89.3.3 


30 

3.08 

0 00.33 


0.01 
0. 1422 
0.9 


30 

3.09 

0.0017 


" ®'V3lu-oe3'tes. 0.9 

nOCVTE.s'^Fo^ CoNCE.VTH.n.„„ T 

Pouch OpofisvMs Nxtji.ict ov t? 

M., , VaWs. ‘reaonen? 


Of animals 

nirrorcmc 
I’ . ■ ■ • 

N^iberorani,,,^,^ 
p ■ • ■ ■ . 


2.-347 

0.0300 

0.047 

0.3221 

0.7 


2.394 

0.0107 


v . 


10 

22.35 

0.2781 



0 


32,. 35 
0 22.31 


f;u«»>er Of animals 

Varianecofr^'"’’"''^""'' i-m 
'^iiroronee 

4 ' 


aWoro,,,., . 
p .; ■ • . .■ ; ■ 

Avoraso vali.c! ' ‘ 


^37.0777 
2.90 
0.32‘P{ 
0.3 *■ 


130. i-x 
29 5714 


3.272 
0 0050 


30 

-”■05 J „ ■ 

3.0000 

> 0.01 

30 

/ 

'i5'.woc 

r.S5 " 

3.4511 

0.2 

11 


liBC — 

- ‘''Tfhroeyie.s 


O.OOl 

0.0109 

r\ ^ 


3.271 
0. 00.3.3 


3.0.90 

0.0021 


0.019 
p.. 3.370 
0.7 

(19.5) 


3. 071 
0.0014 
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Table 5.— Effect of Concentrated Human Gastric Juice From a Subject 
With Addisonian Pernicious Anemia on Erythrocytes of 
Pouch Opossums (Group Y). 


Before treatment. 


After treatment. 


Value.'*. 

Number of animals 

RBC* in mUl.Ic.mm 

Volume of packed RBC,* % . . . 

Mean corpuscular volume of RBC* in 

cubic microns 

Mean maximal diameter of RBC* in 
microns 


Experi- 

mental. 

Control. 

Experi- 

mental. 

Control. 

5 

3 

5 

3 

2.47 

2.45 

2.12 

2.31 

35.10 

33.07 

28.80 

28.. 3.3 

143.6 

137.0 

13G.2 

122.. 3 

8,70 

8.73 

8 G2 

8.46 


* Average values. RBC = erythroc3'tes. 


Results. At the beginning of the experiments the average total 
number of erythrocj'tes in the 117 immature pouch opossums was 
2,265,000 per c.mm., as compared with 4,420,000 per c.mm. in the 
10 adult animals. The average mean maximal diameter of the 
erythrocytes was 8.72 microns in the immature animals, as com- 
pared with 7.30 microns in the adult animals. The average mean 
corpuscular volume was 150 cubic microns in the immature animals, 
as compared with 87.99 cubic microns in the adult animals. Before 
treatment the bloods of the experimental animals and of their litter 
mate controls showed no significant difference.s in any of the values 
determined (Tables 1 to 5). 

T.\ble Disthibut/ox of Ervthroo’tes According to Diameters Before 


AND After Treatment. 

Before treatment, After treatment, . 

cell diameters, %. cell diameters, %• 



Number of'^ — — 





>0.5 


animals. <8.5 


>9.5 

<8.5 

8.5-9.5 


Concentrated Normal Human Gastric Juice. 



Experimental 

. . . 20 22.00 

63.45 

14,50 

72.10 

24.92 

2.97 

Control 

. . . 10 19.30 

59.65 

21.05 

25.00 

62.00 

12.40 


Concentrated Liver Extract. 



5.00 

E.xperiniental 

. . . 9 23.61 

01.70 

14. 6S 

62.61 

32.37 

Control 

. . . 10 23.70 

63.70 

12.60 

21.45 

02.00 

10.55 


Inactivated Concentrated Normal Human Gastric Juice. 

3.29 

Exporinicnt.il 

. . . 16 50.25 

45,20 

4,55 

55.71 

41.00 

Control 

. . . 11 44. .33 

49.60 

6.00 

60.66 

37. OS 

2.25 


Inactivated Concentrated JArer Extract. 


2.13 

Experimental 

. . . 11 49. .33 

47.60 

3.00 

60.06 

37.80 

Control 

7 47.71 

49.28 

3.00 

59.40 

.38.50 

2.00 

Concentrated Human Gastric Juicc From Subject V'ith Pernicious Anemia. 

12.00 
12. .80 

Experimental 

5 25.83 

Co. SO 

S.06 

33.62 

54.37 

Control 

. . . 3 25.33 

07.66 

7.00 

.39.40 

47.80 


The results of treatment in the various groups can be summarizcfi 

as follows: ... 

Group I. Effect of normal concentrated human gastric juicc 
(Table 1) : After treatment, in the experimental as compared to the 
control group, the mean number of rerl blood cells was significantb 
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increased and their mean packed volume, average mean corpuscular 
volume and aA^erage mean maximal diameter were significantly 
decreased. The decrease in the last three values was due to a relative 
increase in the number of smaller erythrocytes (Table 6), the 
cliange being graphicallj’^ shown by a shift to the left of the Price- 



Sizd ot Erythrocytes - Micra 

Chart 1. — Effect of normal concentrated human gastric juice on the percentage 
distribution, according to size, of the erythrocytes of pouch opossums. 


Jones curve (Chart 1). The smaller erythrocytes showed a dis- 
tribution of hemoglobin similar to that seen in mature red blood 
cells, thus differing from the uniformly hyperchromatic macrocytes 
of the fetal blood (Fig. 1). 



Fig. 1 . — A, Erythrocytes of an untreated pouch opossum of 7.5 cm. crown-rump 
length. Hemoglobin tends to be evenly distributed throughout the cell. (H'right’s 
stain, X 495.) B, Erythrocytes of a litter mate pouch opossum treated with normal 
roneentrated human gastric juice for 4 days (O.S cc.). The hemoglobin tends to be 
distributed toward the periphery of the cell. (Wriglit’s stain, X 495.) 
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^ Group 11. Eft’ect of concentrated, solution of liver extract 
(Table 2) : After treatment, in the experimental as compared to the 
control groups, the mean number of red blood cells was significantly 
increased and their a^’erage mean corpuscular ^■olume and a\-erage 
mean maximal diameter were significantly rlecreascd. There was 
no significant change in the mean volume of the packed red blood 
cells. The decrease iji the a\’erage mean ^•alnes for tlie corpuscular 
\’oImne and maximal diameter of the cells was due (Table fi) to a 
relati\'e increase in the number of smaller erythrocytes, the change 
being graphically shown by a shift to the left of the Price-Jones 
curve (Chart 2). The smaller er\-throcytes, as in Group I, showed a 
distribution of hemoglobin similar to that seen in mature red blood 
ceils. 



Chart 2.— Effect of concentrated liver extract solution (Ledcilc) on the pcrccnt.aRC 
distribution, aceordinB to size, of the ei’ytlirocytes of poiadi opossums. 


Group III. Effect of inactivated concentrated normal hiunaii 
gastric juice (Table 3): After treatment, in the experimental as 
compared to the control group, there was no significant change in 
any of the values determined. The cell distribution according to 
diameters (Table G) was essentially the same at the end of the 
e-x])eriment in both groups, ami the hemoglobin was uniformly 
distributed throughout the cytoplasm of the erythrocytes of both 
control and treated animals. --V 

Grottp IV. Effect of inactivated concentrated solution of liver 
extract (Table 4): After treatment, in the experimental^ as com- 
pared to the control group, there was a suggestive but not significant 
reduction in tlie mean number of red blood cells and a significant 
reduction in the mean volume of these packed cells. The other 
\-alues were not significantly changed. The cell distribution 
accordimr to diameters, as in Group III, was cssentiajly the same 
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at the end of the experiment in both treated and control groups 
(Table 6), and the hemoglobin was uniformly distributed throughout 
the cytoplasm in all the animals. 

Group V. Effect of administration of concentrated human 
gastric juice from a patient with Addisonian pernicious anemia 
(Table 5): After treatment there were no significant differences 
between the erythrocytes of the control and experimental groups, 
and the cell distribution according to diameters was essentially the 
same in both groups. Because of the small number of animals used 
the results of the statistical analyses of these data are not included 
in Table 5. 

In the experiments reported in Groups III, IV, and Y, all of 
which Avere performed in 1940, the immature opossums found in tlie 
]iouches Avere someAA’hat larger than those found in 1939. As a result, 
the numlier of red blood cells per c.mm. Avas somcAAdiat greater and 
the aA^erage mean corpuscular A'olume and aA'erage mean maximal 
diameter AA’ere someAvhat less at the beginning of the experiments 
than these respectiA'e A’alues for the animals studied in 1939 (Tables 1 
to 5). 

Inacti\'ated gastric juice aa'RS slightly toxic for the experimental 
animals, as indicated by their general appearance compared to that 
of their untreated litter mate controls, and bj* the death of seA'eral 
of the animals. The same ob-serA^ation aa’rs made concerning the 
inactiA'ated concentrated Ua'ci' extract used in Group R’ and the 
gastric juice from the patient AAuth Addisonian pernicious anemia 
used in Group V, although in the latter experiment none of the 
animals died. 

Comment. Our comparatiAm studies of untreated adult opossums 
and untreated immature pouch opossums shoAved differences betAvecn 
the erythrocytes of the tAvo groups. The young animals, as com- 
pared AATth the adult animals, shoAA^ed an anemia and also shoAvcd a 
relative macrocytosis, as indicated by the larger mean corpuscular 
volume and the greater mean maximal diameter of the red blood 
cells. I\Iorpholdgica]ly, the hemoglobin of the majority of the 
erythrocytes of the immature animals Avas distributed evenly 
throughout the cells, Avhereas in the adults it Avas usually more 
concentrated at the periphery of the cells and the central zones Avere 
rclatiA'ely clear. As the young animals matured, the anemia im- 
proved and the number of macrocytes decreased until eventually 
the red blood cells resembled those of the adult animals in botli 
numbers and appearance. 

Studies of the action of normal human gastric juice and of con- 
centrated liver extract solution shoAA^ed that after the administration 
of these substances the average number of red blood cells Avas rela- 
tively increased and their average size Avas rclatiA'ely decreased. As 
has been pointed out, the diminution in the average size of the 
erythrocytes Avas caused by an increase in the number of smaller 
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cells, which morphologically resembled the erythrocytes found in the 
adult animals. As these smaller cells increased in numbers, the 
blood pictures of the treated animals approached those of the adult 
animals, although in no instance did they become identical with 
them. 

Normal human gastric juice and concentrated liver extract solu- 
tion altered to approximately the same degree all the values deter- 
mined except the mean packed volume of red blood cells. This value 
was significantly reduced by the administration of gastric juice, but 
was not significantly altered by the liver extract solution. Such 
findings suggest that the gastric juice reduced the size of the ery- 
throcytes proportionatelj' more than it increased the number, 
whereas the concentrated liver extract affected both values pro- 
portionately (Tables 1 and 2). 

According to these experiments, when the thermolabile factor in 
human gastric juice -was destroyed bj' heating, the maturation of 
the red blood cells in the mammalian fetus was not accelerated 
(Table 3). A similar observation was made when the antianemic 
principles in concentrated li\’er extract were destroyed by heating 
(Table 4). Injections of tlie inactivated extract, furthermore, not 
only failed to accelerate normal maturation of the cells, but may 
actually have influenced it adversely. During the course of the 
experiment (Table 4) the mean number of erythrocytes in the 
control group somewhat increased, but the mean number in the 
e.xperimental group remained at essentially the same level, which 
suggests that the inactivated liver extract solution may have in- 
hibited the normal increase in number. On the other hand, although 
the inactivated liver e.xtract solution apparently suppressed the 
number of red blood cells, it had no effect upon the average mean 
maximal diameter of these cells in the experimental as compared 
to the control groups (Table 4). At the end of the experiment 
there was therefore, a significant reduction in the packed volume of 
the red blood cells in the treated as compared to the untreated 
animals. This apparent inhibition of normal maturation suggests 
that toxic elements were formed in the liver extract solution as a 
result of heating. 

It is important to note again that the animals used for testing 
inactivated human gastric juice and inactivated concentrated liver 
extract solution showed greater variations in size than those used 
for testing the active principles, and were somewhat larger. As a 
result, the number of erythrocytes was somewhat greater and the 
size of these cells somewhat smaller at the beginning of the experi- 
ments with inactivated principles than at the beginning of the experi- 
ments with active antianemic principles. It is possible that the 
variations in size of the animals may account for some of the 
irregularities in the numerical data in the experiments with inacti- 
vated materials. We are inclined to believe that the size (age) of 
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the animals has considerable bearing on the results, and that 
opossums with uniform crown-rump lengths of 5 to 6 cm., with ery- 
throcytes measuring as near 9 microns in diameter as possible, are 
optimum for such studies. It would be advantageous if future 
studies were carried out on the basis of these criteria. 

The number of animals which received gastric juice from a 
patient with Addisonian pernicious anemia "svas too small to permit 
definite conclusions as to the action of this substance, and the 
experiments should be repeated with a larger series. The data 
suggest, however, that gastric juice secured from fhis spurce not 
only failed to accelerate the development of the erythrocytes but 
also may have slightly retarded their maturation. 

These studies show that the red blood cells of the immature 
opossum are constantly larger than those of adults of the same 
species. As the pouch animals normally mature, the erythrocytes 
become smaller and eventually approximate in numbers, size and 
appearance those found in adult animals. Similarly, the erythro- 
cytes of patients with pernicious anemia are relatively larger during 
relapses of the disease, whereas remissions are always associated with 
a reduction in the size and a change in the appearance of these cells. 
These similarities suggest that in the developing opossums the 
principles required for the complete maturation of the red blood 
cells may be lacking, just as they have been shown to be lacking in 
patients with pernicious anemia. As the animals mature in the 
maternal pouch, the necessary principles presumably become 
available and the signs of deficiency, as reflected in the blood picture, 
therefore gradually disappear. This hypothesis is substantiated 
by the observation that the experimental administration of anti- 
anemic principles to immature opossums significantly alters the 
character of their red blood cells. 

Summary. 1. Studies on immature developing opossums, living 
in the maternal pouch, showed a macrocytic auemia in these 
animals as compared with adult animals of the same species. As 
the young animals matured, the character of their red blood cells 
gradually changed until it assumed that of adult animals. 

2. The direct injection of either concentrated normal human 
gastric juice or of a concentrated solution of liver extract significantly 
reduced the mean maximal diameter and the mean corpuscular 
volume of the erythrocytes, and significantly increased their 
number, in the treated pouch opossums as compared with their 
untreated litter mate controls. These changes Avere effected through 
a relative increase in the number of smaller erythrocytes. 

3. The direct injection of inactivated normal human gastric 
juice, of inactivated concentrated liver e.xtract solution, and of 
gastric juice from a patient with Addisonian pernicious anemia 
tailed to increase significantly the number of red blood cells or to 
reduce significantly the mean maximal diameter and the mean 
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corpuscular volume of these cells in the treated pouch opossums as 
compared to their untreated litter mate controls. 

Addendum. After this paper wa-s submitted for publication, there -appeared a 
review by O. P. Jones; Tran.smission of the Antianemio Principles Across the 
Placenta and Its Influence on Embryonic Erytbropoic.sLs (Arch. Int. Med., 68, 470, 
1941), in which he cites our preliminary report (Proc. Soc. Exp Biol, and Med.. 42, 
544, 1939) and remarks in a footnote that the diameters of only the larKost red blood 
cells were measured in our studies. This interpretation of our method of moasurinp 
ceil diameters is incorrect and may have arisen from our u.so of the term “mean 
maximal diameter." In our work there was no selection of cells. On each blood 
smear, everj- coll was measured in turn until 100 or 200 cells had been encounterwl. 
Because the cell outlines did not always form perfect circles, however, the crcate«t 
— or maximal— diameter of each cell was selected for measurement. 
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SYPHILITIC AORTIC INSUFFICIENCY: THE ASYMPTOMATIC 

PHASE,* 
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Ralph R. To.mp.sett, M.D., 
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Bruce Web.ster, 
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COM.ECE. NEW rOJlK , N. V. 

(From the.S.vphilis Clinic of the New York IIo.>ipii.al and the Department of Medicine. 

Cornell University Medical Collecc.) 

Duit.vnoN of life, after the onset of .symptoms due to s.vphilis of 
the aortic valve, is generally stated to he relatively short2-®'“''^ -’' 
Tlie picture deserilied in the .standard texts is one of the rapid devel- 
opments of symptoms and signs of cardiac in.sufRciency in a patient 
in the forties or fifties who liad previously been perfectly active 
and It is generally agreed among the various authori- 

ties that survival from this stage on is usually a matter of only ! or 
2 years.’ It is recognized*- that the use of specific antisj-philifie 
therapy in aortic syphilis will prolong life, even doubling the average 
c.vpectancy, but the empha.sis in practically all authoritative works 

* Aided by Rrant.s from ibe Milb.nnk Memorial Fund and the Barbara Hcmy 
npFparrh Fund. 
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is on the clinical course after the onset of failure with but passing 
reference to the course before failure appears. 

Yet in the study of 1000 cardiacs, 10 years after the original 
examination, Grant® has shown that the 10-year mortality associ- 
ated with syphilis of the aortic valve is only 04%, actually less than 
the mortality rate over the same period of patients with mitral 
stenosis Avith auricular fibrillation (08%). 

This discrepancy between the poor prognosis usually accorded 
patients with syphilitic aortic regurgitation after the onset of symp- 
toms, and the 10-year statistics of Grant, is a reflection of the 
differences between two types of clinical material. Grant’s patients 
were all ambulatory men who Avere either in, or being considered 
for military service. RelatiA'ely fcAV of these men Avould have had 
examinations of their hearts at that time under normal conditions. 
The aortic syphilis seen by most internists is not selected from large 
groups of ambulatory patients Avith syphilis, but is seen in indiAud- 
uals AAdio haA’^e sought medical care because of symptoms of cardiac 
insufficiency. This suggests that aortic insufficiency due to syphilis 
is actually present in a clinically recognizable form for a relatively 
lengthy period of time before the development of symptoms, but 
that because of this asymptomatic state the patients do not seek 
medical care and hence are not discovered. Obviously the only 
Avay patients with this asymptomatic form of valvular syphilis can 
be discovered is by doing routine physical examinations on all knoAvn 
syphilitics. 

During the 45-year period from October, 1936, to April, 1941, 
2718 syphilitic patients AA'ere examined in the syphilis clinic of this 
hospital, and 100 (3.6%) were found to have syphilitic aortic insuffi- 
ciency. Nine of these had aneurysms as Avell, leaving 91 (3.3%) 
patients Avith the A^alvular defect alone. The diagnosis in every 
case Avas confirmed by tAvo or more observers. Our criterion Avas 
tlie repeatedly demonstrable presence of a diastolic murmur over 
the aortic area or doAvn the left sternal liorder in a patient knoAvn to 
have been infected A\'ith syphilis and Avho had no eAudence, of mitral 
stenosis or congenital heart disease either clinieally or by Roent- 
gen ray. 

The patients AA’ere alb examined on numerous occasions. It is 
frecpiently observed that a murmur, difficult to detect or inaudible 
Avith the patient in the recumlient position, can be brought out by 
having the patient sit uji, lean foi’AA’ard and expire forcilily. The 
'in'ccordium is then examined Avhile the patient holds his breath in 
full expiration. 

During this period Ave Avere soon impressed by the fact that the 
presenting clinical picture and subsequent course of the disease in 
the majority of these patients differed sharply from that of the 
•classical descriptions, particularly in respect to their ability to do 
work without symptoms or signs of cardiac insufficiency. Accord- 
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ingly, a clinical study of all of our patients with syphilitic aortic 
insufficiency without aneurysm has been made to obtain information 
on this asymptomatic phase of the disease. 

Of the 91 patients with aortic vahmlar s^^'phi}is, 45 (49%), or 
nearly one-half of the group, had no symptoms of cardiac insuffi- 
ciency at the time of the original diagnosis. An additional 13 (14%) 
admitted symptoms only after specific questioning but bad not 
sought medical care because of these symptoms; and 33 (30%) 
patients had definite symptoms related to their aortic disease. On 
this basis of the clinical impression of the status of the indi\-idual 
patient at the time of diagnosis three groups were formed: Group I 
(asymptomatic), Group II (symptoms on questioning only); and 
Group III (symptomatic). 

By asymptomatic is meant that all of these patients denied any 
exertional dyspnea, orthopnea, substernal pain on effort or at rest, 
palpitation or ankle edema. The majority were working and all of 
them were completely unaware of the fact that they had heart 
disease. The patients in the symptomatic group (Group III) pre- 
sented the picture more generally regarded as typical of syphilitic 
aortic regurgitation. The presenting complaint in each case was 
directly referable to the cardiovascular system, and in many, angina 
of effort and symptoms suggesting failure were present. 

Table 1.— Patients Followed More Than 2 Years. 




Died of 

Died of 

lAvinp 
but iiave 


No. of 

heart 

other 

developed 

Group. 

patients 

disease. 

cause. 

.symptoms. 

I (Asymptomatic) 

20 

1 

1 

1 

II (Symptoms on questioning only) 

S 

1 

0 

0 

III (S 3 -mptomatic) 

15 

1 

1 


Total 

43 

3 

2 



Period of Obsermiion. Twenty patients, or almost one-half of 
the asymptomatic group (Group I), have been followed for more 
than 2 years (Table 1). Two of these 20 ha^ e died, both 2| j ears 
after the diagnosis, one of his heart disease and the other of a car- 
cinoma of the bladder. Two patients of the 25 who have been 
followed for less than 2 years have died, one of a gastric carcinoma 
and the other of paresis (Table 2). Two patients of this entire 
Group I have developed symptoms under observation. One devel- 
oped slight exertional dyspnea 3 months after the diagnosis was 
made and angina of effort 4 months later. The other patient who 
has been followed for more than 7 years has developed slight dysp- 
nea on climbing to his fourth floor room within the^ past year. 
However, he has such marked loss of vision that he is forced to 
proceed much more slowly than normal so that it is highly probable 
that he would have more marked symptom? if he wre able to be 
more active. 



SYJ’IIILITIC AOKTIC INSUmclENCV 


205 


Eight of the 13 patients in Group II (symptoms on questioning 
only) have been followed for more than 2 years. One of this group 
died ^ years after the diagnosis, presum ably because of heart disease. 

Fifteen of the 33 patients in Group III (symptomatic) liave been 
followed for more than 2 years. Eight of the entire group have 
died, 2 of carcinoma and the others as a result of their heart disease. 

Thus, of the entire group of 91 patients with aortic valvular 
syphilis, 43 (46%), or almost one-half, have been followed for more 
than 2 years. The follow-up by years is recorded in ICable 3. 


Table 2.— Patients Followed Less Than 2 Yeahs. 


Dead. 


Died of Died of 
No. of Iicart other 

Grouj). . Iiaticiils. disciwe. cause. 

I (Asymptomatic) 25 0 2 

II (Symptoms on questioning only) 5 0 0 

III (Symptomatic) 18 5 1 


Total 


48 6 3 


Living 
but have 
developed 
syiiii<toms. 

1 

1 


Table 3.— Period or Observation of 91 Patients With Syphilitic Aortic 


Insufficiency. 

Number of patients. 


Years of 




observation.* 

Group I. 

Group II. 

Group nr. 

Less thiin 1 

. . 14 

2 

11(5 deaths) 

1-2 

. . 11 

3 

7 (1 death) 

2-3 

. . S 

2 

8 (1 death) 

3-4 

. . 5 

5 

1 

4-5 

2 

1 

3 (1 death) 

5- G 

. . 0 


1 

G- 7 

. . 1 


2 

7-8 

2 



8-9 

. . 0 



9-10 

. . 2 




45 13 33 (8 deaths) 

1(4 deaths) (1 death) 

^ * Records were available of some of these ]>atient.s who had been under observa- 
tion in this institution before this clinic was started. 

Any symptomatic classification of cardiac jiatients based solely 
on the history and physical examination has certain obvious sources 
of error. The most prominent of these is the variation in the ability 
of the patient to describe symptoms accurately and in the inter- 
pretation of the patient’s statements by the examiner. In order to 
obtain data which could be weighed objectively to evaluate the 
patients classified as asymptomatic, studies of the circulation were 
performed. By e.\'amining the records and questioning these 
patients, we have attempted to find out the type and amount of 
work they are actually doing at present and what brought them to 
seek medical care. 
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Anulijsw uf Prcscniing Complaints. Not one of the 45 patients in 
tile asyinptoraatie group sought medical care because of symptoms 
relating to the cardiovascular system. Of tlie 13 patients in 
(b-oup II there was also none whose cardiac symptoms influenced 
him to seek medical care. As Avould be exjiected the patients in 
Oroup III sought medical care because of symptoms of cardiac 
insufficiency in practicall.y all instances. HoAveA'er, even in this 
group there were 2 patients Avhose syphilis, and conseciuently whose 
cardiac disease, ivas first detected b}' the obtaining of a blood 
Wassermann as a routine measure, 1 of these being the father of a 
patient with juvenile paresis discovered in a family investigation. 
In the cases of the other 31, cardiac symptoms brought them to the 
doctors and the clinical diagnosis of aortic syphilis was the cause 
of their being referred to the syphilis clinic. 

Combining the three groups of 91 patients with syphilitic aortic 
insufficiency, onlj'- 31 (34%) sought medical care because of symp- 
toms referable to the heart; 53 (58%) consulted phj’sicians or came 
to the hospital because of complaints entirely unrelated to the 
cardiovascular system; and 7 (8%) did not seek medical care at all 
but yvexe discovered to haA'e syphilis by the routine testing of donors, 
families of known syphilitics, and applicants for employment. The 
presenting complaint or disease causing the complaint for each 
member of Groups I and II are listed in Table 4. 


Table 4.— Complaints or Pathologic Condition Responsible for the Com- 
plaints U'hich Bhovght Patients in Groups I and II to Seek Medical Care. 

Number of patients. 


Presenting coniplaiut or caitsc* of 

Group I 

Group 

(symptoms on 
qurstioninc 

complaint. 


only)- 

Headaches and nervonsncs.s . . .. 

. . 4 

0 

Arthritis 

. . S 

1 

Tabetic pains .... 

.1 

0 

Peptic nicer 

. 3 

2 

Uterine bleeding 

3 

0 

Dizziness 

. . 0 

2 

Voluntaiy donor 

2 

0 

Miscellaneous* 

, . 27 

7 


* Tlie following were presenting syniploius in 1 ease ciieli; (Gioup I) Ulipcr 
ie.spiratory infection, triehiniasis, nausea, skin rph, failing vision, attacks of iitteon- 
sciousnoss, hronehieofasis, Malta fever, fractured vertebra.', infected finger, hernia 
repair, renal colie, urethral diseharge, eareinoma of bladder, epididjmitis, prostalic 
hypertrophy, pyelitis, renal tubcreiilosis, vaginal discharge, mciiopansal syndrome, 
uterine fibroid, tinnitus and deafness, cataract, prceinployiiient examination, fmnily 
ini’cstigafion, routine soroiogj' by private physician and by Life Extension Institute. 
(Group II) Failing vision, unconseiousness, lobar pneumonia, cholelithiasis, gastritis, 
fractured tibia, routine serologj' in jail. 


Of the entire group of 91 with syphilitic aortic regurgitation, 
47 patients tvere available for clinical investigation. Twenty-three 
patients were from Group 1. 7 from Group II, and 17 from Group III. 
It must be emphasized that the classification of the individual 
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patients into the various groups was done solely on the basis of the 
examiner’s judgment at the time of the initial examination in the 
clinic. Some changes in the status of individual patients have oc- 
curred since their original classification, but these have been few, 
so that in general the circulatory studies serve as an objective check 
on the classification. 

Data on the amount of work that the patients are actually doing 
are included only for this group of 47 who were the subjects of the 
clinical studies as it was felt that, in this particular, only the most 
recent information would be of any value. 

Sixteen of the 2.3 (Group I) patients have jobs at present. An 
additional 4 are housewives who do all their oAvn housework, and 
the remaining 3 are men who are unable to secure employment. 
None of these patients has modified his activity in any way, cither 
at work or at home, because of his cardiac disease. 

Two of the 7 patients studied in Group 11 are gainfully employed, 
1 is able to work but cannot find a job. An additional 2 are house- 
wives who do all their own work. One is unable to work because of 
central nervous system syphilis, and 1 because of a chronic osteo- 
myelitis. 

In Group III there are 3 patients ivho are employed, an additional 2 
who do all their own housework, 4 who help with housework but 
whose activity is modified because of the heart disease, and 8 who 
are unable to do any work at all because of cardiac symptoms. 
The type and hours of work are recorded in Table 5. 

MecmiremcnU of 'iho Circiilaiio7i. Measurements of the A-ital 
capacity, arm-to-tongue circulation time and venous pressure were 
obtained on the 47 patients in the three groups. 

Decholin was used for the arm-to-tongue circulation time. Five 
cubic centimeters of a 20% solution were injected rapidly through 
an 18-gauge needle into an antecubital vein while the individual was 
lying quietly in the supine position. The time was recorded from 
the beginning of the injection until the first perception of the bitter 
taste by the patient. All tests were repeated within 2 minutes as 
a check. The value recorded is an average of the two readings. 
In a few instances when an antecubital vein was not available, more 
distal arm veins were entered ivith a smaller needle (20-gauge). In 
every one of these cases, however, the circulation time was well 
within normal limits. Tarr and his associates^® found that the 
normal value for the circulation time by this method ranged betiveen 
1 0 and 1 G seconds. Stewart and Watson'^ found that the individual 
estimations in a group of normal subjects tested by this method 
ranged from 1 0.4 to 1 7 seconds. The venous pressure was measured 
hy the direct method, using an antecubital vein placed on a level 
with the right.auricle. An I.,-.sliaped glass tube attached to a 3-way 
stopcock, syringe and an 18-gauge needle were used. The appa- 
ratus was filled with sterile normal saline solution before the veni- 
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puncture and the direct pressure readings recorded. Normal \'alues 
for this method are up to 120 mm. saline.’ Measurements on a 
2-meter Roentgen ray film of the greatest transverse cardiac diam- 
eter, the internal thoracic diameter just above the diaphragm, and 
calculations of the cardiothoracic ratio were made. The vital 
capacity Avas measured in the usual fashion with the subject in a 
sitting position, recorded in cubic centimeters and calculated in per 
cent of normal. Normal values Avere taken from those of Westj^" 


namely 2.5 liters per square meter of surface 
2 liters per square meter for Avomen. 

area for men and 

Taupe 5 

. — Type and Approxi.mate Hours op AA'ork 

Perforsibd by the 


45 Patients Studied. 

Iloim; 


Type of work. 

(per day). 


Group I — {Asymptomatic). 


J. Mo. 

Distributor for bottled gas company 

9 

B. F. 

Head matron, department store 

.S 

J. F. 

Apartment house superintendent 

9 

M. F. 

Cook 

S 

M. G. 

AA'aiter 

S 

S. K. 

.Janitor for 44-family building 

15 

C. K. 

Machine shop 

8 

J. M. 

Chauffeur 

10-10 

.4. R. 

FuiTier 

10 

M. A\ 

Cabinet maker 

12-10 

M. D. 

Taxi driver 

10 

B. ,4. 

Cigar maker (2 days a week; also does own housework) 10 

S. M. 

Seamstress (also helps with housework) 

0 

M. Z. 

Salesman 

5-0 

B. J. 

Nursemaid (2 children) 

Full time 

H.J. 

Nursemaid (4 children) 

Full time 

B. F. 

Housewife — housew'ork for C people 

Full time 

B. G. 

Housewife — housework for 2 people 


C. M. 

Housewife — housework for 2 people 


A. K. 

Housewife — housework for 2 people 


.1. E. 

Unemployed — able to work 


A. AA'. 

Unemployed — able to work 

Full time 

A. I. 

Domestic servant 


Group II — {Siimplnms on Qiimtioniug Only). 

L. E. AA^aitor 

H. .T. Deaoralor ” 

G. F. Housewife — housework for 2 

F. AA*. Housewife — housework for 2 

F. K. Unemployed — able to work . 

.1. n. Unemployed — unable to work because of CNS .syphilis 

.1. Me. Unemployed — unable to work because of osteomyelitis 

Group III — (.Symplomntic).* 

AA'. AA'. Bricklayer (.3 days a week) ^ 

S. AA'. Salesman (4 days a week) 

M. B. Bar tender (1 day a week) " 

M. M. Housework for 2 people 

R. K. Housework for 3 people 

* Of the remaininK 12 Group HI patients, 4 arc able to a.s?ist with housework but 
rannot work all day. and S are unable to work at all. 

Drita. The data for the patients of all three groups are recorded 
in Talile 0. ' The correlation lietween the clinical impression of the 
state of the circulation and the data obtained from these te.st.s Atas 
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quite close. Closest correlation was found, as would be expected, in 
the circulation times and cardiothoracic ratios. The vital capacity 
readings can be said to show only a general relationship to the pres- 
ence or absence of symptoms. This is in accord with the observa- 
tions of Harrison.'^ 

Table G. 

Vital cap.acity. . 


Name. 

Circ. 

time, 

sec. 

Venous 

pre.ssure, 

inm. saline. ' Cc. 

%of 

nor- 

mal. 

Cardio- 

tliorncic 

ratio. 

Heart 

width, 

cm. 

Aortic 

dilata- 

tion.* 

Blood 

pre.».sure. 

B. J. 

10.2 

79 

Group I {Asymptomatic). 
2350 78 42 

11.2 

0 

150/85 

M. F. 

10.6 

70 

2400 

74 

46 

13 

0 

150/82 

J. F. 

10.7 

60 

2000 

74 

46 

10.2 

0 

- 100/80 

S. M. 

11.4 


2700 

90 

46 

12 

0 

140/80 

M. I. 

11;9 

81 

2300 

66 

50 

13 

+ 

130/90 

E. G. 

12.0 

100 

2300 

SO 

43 

12,4 

0 

150/70 

H. .1. 

12.1 

50 

2000 

74 

69 

16 

0 

170/90 

.1. M. 

12.5 

70 

3800 

90 



0 

180/90 

A. R. 

12.6 

100 

3400 

72 




1.38/96 

B. F. 

13.9 

95 

2000 

66 

56 

13.5 

+ 

270/145 

A. K. 

14 


2000 

66 

53 

12.9 

0 

155/80 

B. A. 

14 

90 

2800 

80 

49 

15.5 

+ 

190/54 

M. D. 

14.5 

94 

3500 

80 

42 

11.5 

0 

130/60 

A. W. 

15 

92 

3150 

85 

46 

14.5 

+ 

108/64 

M. Z. 

15.8 

115 

2500 

60 



0 

190/80 

H. M. 

16.6 

80 

2400 

56 




210/70 

D. F. 

16.9 

44 

1900 

54 

55 

15 

0 

190/90 

M. V. 

17.2 

68 

2900 

62 

49 

14 

0 

125/60 

S. K. 

17.3 

88 

3400 

94 

52 

14 5 

0 

140/70 

S. E. 

18.1 

51 

3350 

80 

42 

11 

+ 

170/90 

M. Mo. 

18.4 

88 

1400 

38 

55 

15 

+ 

102/82 

M. G. 

18.5 

70 

2200 

55 

54 

13.9 

0 

180/90 

C. K. 


90 

3500 

80 

42 

15 . 5 

+ 

1.58/80 

F. K. 

12t2 

Grotip II {Symptoms on 
103 3600 84 

Questioning Only). 
58 16.2 

0 

170/70 

G. F. 

12.7 


2000 

70 

43 

10 4 

+ 

1.88/80 

H. J. 

13.6 

37 

2500 

75 

49 

12 

0 

135/00 

F. W. 

14.4 

78 

1600 

45 

58 

17 

+ 

214/78 

L. L. 

15.6 

50 

2700 

78 

47 

13.3 

0 

208/80 

.1. B. 

22.4 

r,5 

3100 

76 

50 

16 

0 

170/05 

.1. Mo. 

29,8 

135 

1850 

42 

67 

17 5 

+ 

200/05 

S. W. 

12 6 

90 

Group III {Symptomatic) . 
2200 46 49 

14 7 

+ 

140'50 

W. W. 

13 

54 

3800 

83 

43 

13 5 

0 

1 50/55 

G. E. 

13.7 

124 

2000 

61 

53 

14 

0 

190/94 

R. K. 

14.1 

102 

2700 

90 

42 

10 5 

0 

180/90 

C. B. 

14.5 

98 

2000 

45 

51 

14 

0 

190/70 

.1. G. 

14.7 

85 

2800 

63 

55 

10 

0 

160/00 

A. C. 

14.9 

82 

2300 

81 

55 

13 2 

+ 

180/00 

A. N. 

16.3 

99 

1750 

58 

55 

13.5 

0 

212/110 

M. B. 

16.6 

97 

2600 

53 

53 

17 

+ 

145/00 

M. Mo. 

17.9 

130 

2000 

70 

58 

14.8 

+ 

158/32 

G. L. 

19.7 

86 

2700 

72 

55 

15.4 

+ 

150/40 

G.W. • 

22.5 

50 

2000 

70 

GO 

13.3 

0 

170/45 

.1. K. 

22.8 

117 

2500 

50 




105/50 

.1. Mo. 

23.8 

82 

2400 

59 

GS 

19 

-}- 

220/90 

.1. P. 

24.6 

72 

2500 

64 

57 

17 3 

0 

194/.50 

F. N. 

28.2 

52 

2000 

41 

50 

10.8 

-f 

140, '70 

J. M. 

29.8 

53 

3000 

05 

57 

18.2 

+ 

170/15 


* By Roonfpon r.ny. 
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Tliere were only 5 patients of the 23 in tlie as\'inptouiatie group 
who had circulation times higher than 17 seconds, and the extreme 
was 18.5 seconds. The venous pressure determinations were all 
within normal limits, ranging from 44 to 115 mm. of saline. In 
7 patients tl)e cardiothoracic ratio, calculated from the measure- 
ments of the Roentgen ray, was more than 50 with an extreme of 60. 

In Group II, of 7 patients Studied the circulation time was nor- 
mal in 5, markedly prolonged in 2. One of these 2 patients has 
paresis and cannot be relied upon regarding symptoms. The other 
patient is a cripple because of a chronic osteomyelitis of the tibia 
and would probably have symptoms if he were capable of any very 
great actiA'ity. The venous pressure determinations were normal 
in all except the latter patient mentioned above. The cardiothoracic 
I’atio was increased in 3 of the 7. 

Of the 17 patients in Group III, there were S with prolongation 
of the circulation time, 2 with increased venous pressure and 13 
with a cardiothoracic ratio of greater than 50. It is noteworthy 
that of the patients in this group in the greatest degree of failure, 
none had increased venous pressure. These patients were all re- 
ceiving digitalis. There were only 2 patients in this group (SS^. W. 
and S. IV.) who showed normal values for all three examinations. 
Both of these would be classified as completely^ asymptomatic on 
the basis of their present status but are included in Group III 
because their original complaints were cardiac. One (S. W.), follow- 
ing therapeutic malaria in 1934, developed congesti\'e failure which 
disappeared promptly and has not returned. He is working as a 
bricklayer at present. The other (W. IT.) originally sought medical 
care because of attacks of substernal pain unrelated to exertion 
which completely disappeared following antisyphilitic therapy. He 
is working as a salesman at present. 

Combining the data for all three groups: of 47 patients there 
were 15 w'ith abnormally' prolonged circulation time.s, 3 with in- 
creased venous pressure, and 23 with a cardiothoracic ratio of more 
than 50. 

RocniijcnoloQic Evidence of Aortic Diloiation. There is a great 
variety of opinion as to the significance of the presence or ah.sencc 
of aortic widening as demonstrated by Roentgen ray in the diagnosis 
of aortic syphilis.” Xo universally' accepted method of nwas- 
uring the aorta is available.^® The subjective element in estimations 
by fluoroscopy is a great %'ariable, and as has been recently empha- 
sized*® the part of tiie aorta most frequently involved by syphilis, 
tlie root, is not visible for the first 1.5 to 2 cm. on plates taken by 
conventional techniques. Because the.se pitfalls exist in the use of 
the Roentgen ray or fluoroscope as an aid to establi.shing the prc.-'- 
ence of syphilis in the aorta, it is of interest to see what the rociif- 
gcnologic findings are in this group in whom the presence of aortic 
syphilis is known. 
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Estimations of aortic width of these patients were made on the 
basis of left oblique and P-A plates supplemented in the majority 
of instances by fluoroscopy. Eighty-seven of the 91 patients with 
aortic regurgitation Avere examined by these methods, ddie aortas 
Avere considered to be Avidened in 50 (57 %) of these and in 37 (43 %) 
there Avas no evidence of aortic dilatation. 

Wcmcrmunn Reactions. Because there is such a Avidc range ((35 % 
to 95%) in the reported incidence of positive Wassermann reactions 
in patients AAuth syphilitic aortic insufficiency/'®’!*’^'* Ave have in- 
cluded our data for the entire 91 patients. 

The blood Wassermann reaction AA'as positive in 78 (85 %) patients. 
In 8 other patients (9 %) the reaction Avas doubtful or negative but 
there Avas a history of a previous positive test and previous anti- 
syphilitic therapj'. In 4 patients (4.3%) the Wassermann reaction 
Avas doubtful (l-f- to S-f) Avith no history of previously positive 
tests (2 of these patients shoAved positive (4-j-) ICline and Kahn 
flocculation tests). One patient had a negative blood Wassermann 
but the spinal fluid Wassermann reaction Avas positive. Thus, in 
every one of the 91 patients there AA^as definite serologic evidence of 
syphilis or a history of such evidence. 

Tliese patients represent a group, a majority of Avhom Avould not 
have been knoAAm to have aortic syphilis had not the presence of 
the syphilis been discovered first, either by routine testing or because 
of clinical evidence of neurosyphilis. Therefore, there is a possible 
source of error in estimating the incidence of positive serologic reac- 
tions in such material. For comparison, data on this point Avere 
obtained in another group of patients, namely from the records of 
all ijatients admitted to the in-patient service of this hospital since 
September 1, 1932, in AAffiom a clinical or postmortem diagnosis of 
aortic A’alvular syphilis had been made. All patients in the clinic 
series revicAved above are excluded from this group. These patients, 
therefore, Avere not examined simply because they Avere knoAvn to 
have syphilis. The serologic data AA-^ere obtained from the routine 
serologies taken on all patients admitted to the in-patient service. 

Of a total of 44 cases, 32 had positiA^e (4-f-) blood Wassermann 
reactions, 6 had doubtful (l-{- to 3+) reactions but gave a history 
of having had a previous positive reaction Avith treatment, and 1 had 
an anticomplementary reaction but had a positiA^e spinal fluid AVas- 
sermann. In 2 patients, a doubtful reaction (Ifl- to 3-}-) in the 
absence of any history Avas obtained and in 3 others (G%) there Avas 
no serologic or collateral evidence of syphilis other than the presum- 
ably insignificant finding of doubtful (l-f to 3-}-) Kline flocculation 
tests. 

These three groups of patients combined (135) represent all the 
patients Avith syphilitic aortic insufficiency uncomplicated by aneu- 
rysm, seen in any department of this hospital during the "8*-year 
period from September 1, 1932, to April 1, 1941. Thus, there were 
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only 3 patients (2 %) of the entire 135 who showed neither serologic 
nor historical evidence of syphilis. 

Table 7.— Incidence of Positive Wassehmann Reactions in 135 Patients 
With Syphilitic Aohtic Regukgitation. 

No. of 

pationts. Percent. 


Total 135 

Positive blood Wasscrnianns 110 SI. 5 

Doubtful (Id — 3+) blood Wassermanns but history of 
previous positive Wassermann and therapy ... 14 10.4 

Negative blood Wassermann but positive spinal fluid 

Wassermann 2 1.5 

Doubtful (Id — 34-) blood Wassermann with no history 

of previous positive or therapy ... . . C 4.4 

Negative Wassermann, no histoiy of previous positive 

Wassermann or of therapy 3 2.2 


Discussion. Examination of this material shows that the usually 
accepted clinical concept of s^-philitic aortic insufficiency represents 
onlj’^ the end stage of the condition. There is a clinical!}" recogniz- 
able stage which may be reckoned in terms of years during which 
the patient has no s}'mptoms referable to the heart and is able to 
carry on normal activity. That such a stage exists is, of course, 
well known. However, it has seemed to us that the fact has never 
been sufficient!}" emphasized that in a large group of s}"philitics, 
asymptomatic aortic valvular disease is actually more common than 
the symptomatic form. Obviously patients in this phase of the 
disease would not be seen in any numbers in in-patient services or 
cardiac clinics as the}" are completely unaware of their need for 
medical care. The list of chief complaints of the 58 patients in 
Groups I and II shows a great variety of s}"mptoms none of which 
would serve to direct attention to the heart. For many of these 
complaints the patients would be handled in special clinics in which 
an examination of the heart is not done routinely. It is only by 
the examination of all known syphilitics and the unearthing of pre- 
viously unknown symptomless sypliilis by routine serologic testing 
that patients with aortic regurgitation in the asymptomatic phase 
will be disco4"ered. With the recent great)}- increased use of routine 
serologic testing as a case-finding method, many more syphilitics 
who did not realize the fact of their infection are being found so that 
the recognition of this t}-pe of valvular syphilis is becoming more 
important. 

Prognostic data, based as they are on the course following tlic 
onset of symptoms of failure, are valueless in this type of case. The 
information to be sought is how long these patients survive from 
the time the valvular disease is first detectable. 

As there is an increasing body of evidence that specific antisyph- 
ilitic therapy, including the judicious use of arsBnicals, prolongs life 
in cardiovascular syphilis, the recognition of this asymptomatic 



SYPHILITIC AORTIC INSUFFICIENCY 


213 


phase of aortic valvular syphilis is of therapeutic value. For, 
although the active syphilitic process of the aorta is predominantly 
in the media and the vasa vasorum of the adventitia, the ultimate 
anatomic change causing the altered physiologic response is in the 
intima and the valve leaflets. In a recent publication on this subject, 
Wilens^^ has stated, “Thus the weight of e\ddence seems to indicate 
that the cusps are secondarily and passively altered in much the 
same fashion as is the intima elsewhere. Primary specific inflam- 
matory changes of syphilitic aortitis involving the intima directly 
are perhaps just as rare as similar changes in the leaflets of the 
aortic valve, the superior portions of which, at least, are but ap- 
pendages of the inner layer of the aorta.” As these all-important 
intimal and valvular changes are largely non-inflammatory, they 
are presumably unaffected by therapy. The role of specific therapy 
here is to check the gummatous process in the underlying aorta 
before the passive alterations of the valve have become too far 
advanced. There is, of course, no exact clinical method for measur- 
ing how far the underlying aortitis has progressed. However, it is 
reasonable to assume that these asymptomatic patients with the 
early diastolic murmurs have a less advanced stage of the inflamma- 
tory process in the aortic wall and hence can receive maximum bene- 
fit from specific therapy. 

With but few exceptions the living patients in all three groups 
are receiving continuous antisyphilitic therapy, including courses 
of neoarsphenamine administered cautiously. The period of fol- 
low-up is too short to attempt to evaluate the effects of the therapy 
at this time. We can say, however, that we have seen none of the 
reported harmful effects of therapy such as the therapeutic paradox 
or Herxheimer reactions around the coronary ostia." -- 

The circulatory studies in most instances conformed closely to 
the clinical evaluation of the status of the individual patients. The 
measurements ser^'^ed as collateral evidence of the good functional 
capacity of the circulation of the members of the asymptomatic 
group. As would be exjiected the earliest objective change after 
the development of the diastolie murmur was the alteration of the 
cardiothoracic ratio. The fact that the aortas of the 37 (43%) of a 
total of 87 patients with syphilitic aortic regurgitation were con- 
sidered to be normal in width by Roentgen ray and fluoroscopy 
emphasizes the inadequacy of the Roentgen ray as a means of 
excluding the presence of aortic syphilis. In making the decision 
between treating or not treating a middle-aged patient with appar- 
ently latent syphilis, too great reliance should not be placed on the 
normal appearance of the aorta by Roentgen ray. This fact alone 
serves as a justification for the policy of completely ree.xamining all 
syphilitic patients at regular intervals. 

Analysis of the specificity of the Wassermann reaction shows that 
in only 3 patients (2-.2%) of a total of 135 with syphilitic aortic 
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insufficiency was the blood Wassermann reaction negative in the 
absence of a history of previous treatment for sj-philis. The dis- 
crepancy between these figures and those quoted in the literature 
is partially due to the marked increase in the sensitivity of the 
^Vassermann reaction sine? its introduction 34 years, ago. Even 
now the sensitivity of the test varies between different laboratories 
depending upon the technique used.*" ’iVhile no exact figures are 
available in the literature, an estimate has been made that the test 
comraonlj- employed during the decade 1910-1920 gave positive 
results in 70% to 80% of all patients with secondary sj'philis,-'’ 
whereas with modern techniques the Wassermann reaction is almost 
100% sensitive in s^-philis of this type.^ Obviquslj', analyses of 
series of cases dating back to the twenties or earlier will give an 
erroneous impression as to the incidence of positive Wassermanns 
among cardiovascular syphilitics today. 

Summary. — 1. In a 4|-year period in' the syphilis division of the 
medical clinics of the New York Hospital, the incidence of syphilitic 
aortic insuflSciency without aneurysm was 3.4% (91 of 271S). 

2. One-half of these patients (49.5%) with aortic regurgitation 
denied any symptoms of cardiac insufficiency at the time of diag- 
nosis. 

3. Only 31 (34%) of the 91 patients sought medical care because 
of symptoms referable to the heart, 53 (58%) sought care for non- 
cardiac complaints, and 7 (8%) were brought under medical care l\v 
the routine serologic testing of supposedly well people. 

4. Of 28 of these asymptomatic patients followed for more than 
2 years, 2 have died of heart disease and only 2 ha\'e developed 
symptoms. 

5. Circulatory studies (\-itai capacity, \’enous pressure, circula- 
tion time and roentgenoscopy) of 47 of these patients showed a close 
correlation ■with the clinical impression of their cardiac status. 

(5. The aortic width, as judged from Roentgen ray and fluoroscopy, 
was normal in 37 of 87 (43%) of these patients with aortic insuffi- 
ciency. 

7. "in only 3 patients (2.2%) of a total of 135 with syphilitic aortic 
insufficiency was the blood Wassermann reaction negative in the 
aiisence of a history of jirevious antisyphilitic treatment. 

Conclusions. Aortic insufficiency due to syphilis is present in a 
clinically recognizable form for a relatively lengthy jieriod of time 
(2 to id years) before the dc\'elopment of symptoms. 

This a.symptomatie form of aortic valvular syphilis is encoun- 
tered in ajijiroximatcly one-half of the patients with valvular 
syphilis. 

Pre.sent-flay prognostic data, ba.sed as they are on the course 
following the on.set of symptoms of failure, are inajijfficable to this 
large group of patients with cardiovascular .syphilis. 

There are no available data on the ultimate length of this asymp- 
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toniatic plia.se, but it appears from a study of our cases thus lar 
tliat it can be measured in terms of years rather than months. 
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PROLONGATION OF THE P-R INTERVAL IN PATIENTS WITH 
PAROXYSMAL AURICULAR FIBRILLATION AND FLUTTER 
FOLLOWING MYOCARDIAL INFARCTION. 
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ASSISTANT IN JIEOICINE, BETH ISKAEE HOSPJTAE, 


AND 
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AND ASSOCIATE IN MEDICAL KESEARCH, BETH ISRAEL HOSPITAL, 

BOSTON, MA8.S. 

(From the Medical Research Laboratory, Beth Israel Hospital, and the Department 
of Medicine, Harvard Modic.al School.) 

pAUoxYSiLVL auricular fibrillation and flutter are among the 
arrhythmias most commonly encountered in patients with coronary 
thrombosis. They have also been observed following ligation of it 
coronary artery in animals.^ The occurrence of an auricular arrhyth- 
mia during tlie course of myocardial infarction cannot he e.xplained 
on an aniitomieal basis since tlie arteries involved and the infarct 
itself are tdways in the ventricular myocardium. 

A considerable volume of evidence indicates that e.xperimeiitully 
produced auricular fibrillation in animals is due at least in part to 
vagal activity.® Tlie activity of the vagus ner\'e recently has been 
imjilieated in the genesis of auricular fibrillation wliich occurs in 
patients with thyrotoxicosis’® and rlieumatic heart disease.’ It was 
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therefore of interest to study patients in Avliom aurieular fibrillation 
occurred following myocardial infarction in order to determine the 
frequency of other changes in cardiac conduction which might be 
interpreted as due to increased Amgal acti^■ity. 

Malerial. The records of all patients were examined in whom paroxysmal 
auricular fibrillation or flutter first appeared soon after mj'ocardial infarc- 
tion. Only those with electrocardiographic e\'idence of auricular fibrillation 
or flutter within 12 days after a definitelj’’ diagnosed attack of cardiac 
infarction were included in this studj'. A few were eliminated because no 
records were made during the periods of normal rhj^thm, so that no com- 
paratiye studies could be made. There remained 14 cases suitable for 
analysis. 

Result's. All patients exliibited changes in T waves and ST seg- 
ments considered characteristic of infarction of the ventricle. 
In addition 9 of the 14 patients showed prolongation of the P-II 
inter\'al on one or more occasions within a few days prior to or follow- 
ing the onset of auricular fibrillation. In one instance the P-ll 
interval had been prolonged for several years previously. In all 
9 instances the P-R inter\’al varied considerably from day to day; 
in 8 of the 9 cases it decreased to within normal limits at one time or 
another. The occurrence of prolongation of the P-R interval and 
the onset and offset of auricular fibrillation were not related to 
medication or changes in physical signs such as cyanosis, collapse, 
or congestive failure. 

Discussion. Less than 10% of 375 patients with acute coronary 
occlusion studied by Master et al.^ e.xliibited a P-R interval greater 
than .20 second. The fact that 9 of 14 cases or 64% of our patients 
with paroxysmal auricular fibrillation or flutter after coronary 
occlusion showed prolongation of the P-R interval, usually transi- 
tory, must therefore be considered significant. In the 5 patients 
who did not show prolonged P-R interval an average of less than 
four tracings were made during periods of normal rhythm as com- 
pared wdth an average of more than 8 in the other cases; the ab- 
normally prolonged P-R interval may perhaps be found more 
frequently if electrocardiograms are taken more often. iMaster ci al.^ 
observed paroxysmal auricular fibrillation in 2 patients with pro- 
longed P-R inter\'als after coronary occlusion. 

In 1937 Bruenn^ and Keith® showed that the prolonged P-K 
interval seen in acute rheumatic fever is due to increased ^•agai 
activity. It has been pointed out in another place' that such 
evidence of increased vagal activity is frequently found in patients 
with rheumatic heart disease in whom auricular fibrillation develops. 
Of interest likewise is the fact that repeated injections of acet% 1-fl- 
methyl choline in normal unanesthetized dogs gives rise either to 
auricular fibrillation or to partial heart block, the arrhythmia which 
will develop being entirely unpredictable.® The sequence of events 
as revealed by electrocardiographic study in patients with auricular 
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fibrillation following coronary occlusion resembles that seen in dogs 
receiving repeated injections of acetyl-/3-inethyI choline. 

The cause of the prolonged P-R interval seen in coronary artery 
disease has not yet been completely elucidated, although available 
evidence strongly suggests its functional origin. Master and his 
co-workers® found no anatomical lesion to explain it; this is readily 
understandable since infarction of that portion of the myocardium 
containing the A-V node is infrequently found at postmortem 
examination. Moreover, these authors® found that atropine short- 
ened the P-R interval in 2 of 3 patients with prolongation of the 
P-R interval associated with cardiac infarction. Additional work in 
this regard is however necessary before the vagal origin of pro- 
longed P-R intervals after myocardial infarction can be accepted 
as proved . Master ct «/,® suggested that anoxemia might be a factor 
in causing a prolonged P-R interval after cardiac infarction. 
These autliors, however, noted its frequent occurrence after the 
disappearance of e^ddences of anoxemia. In the present study 
anoxemia or shock could not be implicated as the factor responsible 
for the increase in P-R interval. Although prolongation of the P-R 
interval has been induced by anoxemia in animals^-'’’” and in maid 
the degree of anoxemia necessary to produce this change is far 
greater than that Kibserved in cases of heart disease. 

The available data, though scanty, suggest that the prolonged 
P-R inter \^al associated with cardiac infarction is probably the 
result of increased \'agal activity. The occurrence of auricular 
fibrillation and flutter following infarction of the ventricle therefore 
becomes understandable since the role of vagal acticity in produc- 
tion of auricular fibrillation and flutter in animals® and in man in 
thyrotoxicosis,^® and rheumatic fever’ has been pointed out. The 
origin of ^'agal impulses which may act on the heart and so gi\’e rise 
to auricular fibrillation following myocardial infarction will be the 
subject of another study. 

Summary. 1. The frequent occurrence of auricular fibrillation 
and flutter following cardiac infarction cannot be explained as 
directly due to anatomical findings, since the latter lesions are 
almost always \^entricular. 

2. Sixty-four per cent of patients with paroxysmal auricular 
fibrillation and flutter due to cardiac infarction also have a variable 
but abnormally prolonged P-R inter^’al within a few da\'s of the 
onset of fibrillation. 

3. Available evidence, though scanty, suggests that the pro- 
longed P-R interval of cardiac infarction is probably due to increased 
vagal acti\'ity. 

4. Since increased vagal activity appears to be one factor responsi- 
ble for the occurrence of auricular fibrillation in general, the occur- 
rence of this arrhythmia following ventricular infarction becomes 
understandable. 
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A JUSTIFICATION FOR THE INCREASING USE OF ELECTRO- 
CARDIOGRAPHY IN HOSPITAL PRACTICE. 

By Arthur J. Geiger,. M.D., 
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Massimo Calabresi, M.D.,* 

KESEARCH FELLOW IN MEDICINE, 

AND 

Loren F. Blaney, M.D., 
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(From the Department of Internal Medicine, Y^ale University School of Medicine, 
and the Medical Service of the New Haven Hospital.) 

During recent years there has been a steadily increasing demand 
for electrocardiography in the clinical study of patients in the New 
Haven Hospital and Dispensary. That the growing employment 
of this laboratory aid is only partly attributable to the increasing 
number of patients is shown by Table 1, which reveals that the ratio 
of electrocardiograms to the number of patients studied annually 
has been rising. Since approximately 75% of all electrocardiograms 
obtained have been on patients in the medical division of both 
hospital and dispensary, the figures for these may be more relevant 
and are included also in Table 1 . It is evident that during the last 
12 years the number of tracings taken on e^'ery 100 patients has 
more than doubled. In the same interval, mortality from heart 
disease in New Haven has risen slightly less than 20%. It is clear, 
therefore, that there has actually been a growing general use of 
electrocardiography in the elucidation of clinical problems. 

Tadde 1. — Anniiai. Ratio of Edbctrocardiooramb per 100 Patients. 

Vciir 1929. 19Sn. 1931. 19.32. 19.33. 1934. 19.3.3. 193G. 1937. 1938. 19.39. 1940. 

lOlecIrni'iirilioRrauis ... 319 340 ST.'S .’■>48 4C.i .'iS.G 927 873 882 1.017 1,3G9 1,G93 

All hospil.al imtients . . . G,.351 G.GOl 7,4.34 7,343 7..3.54 8,1.5G 8,871 9,177 9,304 9, G2S 10,125 12,23G 

All (iiapenaary patients . . .8,720 9,780 10,950 13.900 19 008 18.G27 IG, 012 15,440 14,2.85 15,807 10,130 16, 49.'i 

'I'OTAI. AI,I. patients . . . 15,271 10,381 18,404 21,243 20,022 20,783 25,483 24,017 2.3,589 25,435 20,201 28,731 

Hallo of ECG’s per 100 patients 2.0S S.OS 2.0!, 2.oS 1.7o 2. IS 2.’,7 S.-Vj Ji.OO 0.21 o S.'l 

Metlieal hospital patients . . 1,170 1,289 1,443 1,.391 1,301 1,483 1,499 1,040 1,804 1,912 2,237 2,051 

Meilieal(lis|ionsary patients . .8.50 1,0.50 1.390 1,080 1,809 2,311 1,781 1,.5.5S 1.5.50 1,540 1,594 1,090 

Totai. MEWCAnTATiENTO . . 2,021) 2,339 2,s.3:i 3,071 3,230 3,794 3,280 3,204 3,354 3,452 3,831 4.347 

Hatio of KCG's per 100 patients lil.r, IJ, 0 IJ.S 17.S J{..} 10..', -10.1 27.3 20.3 20.0.. 3.-, 7 .W .9 

In the face of such a steadily increasing demand for a laboratory 
service in relation to the number of patients studied, it is pertinent 
to inquire wliether the augmented laboratory outjnit is being accom- 
plished at a relative loss in clinical value for each 100 electrocardio- 
grams made, to determine Avhether any data of importance are con- 
tributed by the added effort, and to consider whether such additional 
information justifies the increased cost and the heavier tax on the 
lahoi’atory facilities and personnel. 

* Aiilpil hy !i prani from the Dazi.m Foniulalion for Medical Rosoarch. 



GEIGER, CALARRESI, BLAN'EV.' 


2^0 

These considerations engaged our attention, and answers to the 
questions raised were sought by. acquiring information under the 
following three headings: 

1. The relation between increasing employment of electrocardiog- 
raphy and the proportion of normal and abnormal records obtained. 

2. Estimation of the clinical A'alue of a representative group of 
electrocardiograms during a year of small demand as compared with 
a year of large demand. 

3. Investigation of the results of routine electrocardiograms taken 
on a large group of patients who would not otherwise have had the 
benefit of electrocardiographic studJ^ 

Section I. Relation Between Increasing Use of Electrocardiog- 
raphy and Proportion of Normal and Abnormal Records Obtained. 
All the electrocardiograms obtained during a 12-year period, total- 
ling 9093 records, were divided into three groups as follows: 

1. Normal group — including sinus arrhythmia, infrequent ectopic 
beats, and moderate bradycardia and tachycardia (heart rates 
between 50 and 120). 

2. Abnormal group— all others, excluding those which showed 
only left axis deviation. 

3. Group ha\'ing left axis deviation, of all degrees, as the only 
abnormality. 

Table 2 and Chart 1 show the total annual output of electrocardio- 
grams from this laboratory for the last 12 years and the number of 
records that were normal, abnormal, and characterized by left axis 
deN'iation only. It is apparent that as electrocardiograms were 
obtained more and more generally, the proportion of abnormal trac- 
ing not only rose steadily but practically paralleled the increase in 
the total number of records for each year, while the figures represent- 
ing normal records showed a much more gradual ascent. 


T.\bi.b 2. — Relation' Between' Increasing Desi.an'd for Electroc.vroiograms 
AND PeRCEN-TAGE OF NORIHL AND ABNORMAL RECORDS OBTAINED. 


Year. 


ECG's 

taken. 

Normal 

(%). 

.Ibnormal 

(%). 

L..\.D. only 
(%)• 

1929 


.• . . 319 

32.0 

58.8 

9.2 

1930 


. . . .340 

24.7 

65.6 

9.7 

1931 


. . . 375 

27.8 

58.8 

13.0 

I9:i2 


... 548 

.33.4 

58.0 

8.0 

1933 


. . 405 

:io.4 

53.4 

10.2 

1934 


. . . 585 

29.0 

59.8 

10.0 

1935 


. . . 027 

.34.9 

50.4 

14.7 

1930* 


. . . 873 

25.2 

62.8 

12 0 

1937* 


. . 882 

21.0 

07.0 

12.0 

1938t 


. . ' . 1017 

21.5 

08.0 

9.9 

19391 


. . . 1.309 

' • 24.2 

05.2 

10.0 

1940J: 


. . 109.3 

20,3 

09 5 

10.2 


* Prerordial leads t.akcn on about one-third of the patients in this year. 
-(• Precordial lead.s taken on about two-third.s of pafient.s in this year. 

J Preeordial leads taken routinely on .all patients in this year. 
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Expressed numerically, 58.9% of the electrocardiograms were 
abnormal in the first 5 years of the 12-year period, while 66.6% 
were abnormal in the last 5 years. This considerable and unex- 
pected divergence of the curves for the normal and abnormal groups 
in Chart 1 implies that the rapidly increasing utilization of electro- 
cardiography has not been wasted upon 'patients without heart 
disease, and it suggests that perhaps an even greater use of electro- 
cardiography might serve as an important case-finding method. 
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Ghaut 1. — Output of clcctrocarclioKi-ams since 102fl, 


Whetlicr the augmented lal)oratory service actually contril)uted 
anything of real .significance to the clinical study of patients seemed 
to be the next logical inqviiry, for the jjroportion of normal to abnor- 
mal records is not strictly indicative of the clinical usefulness of the 
tracings. 

Skctiok it. of ihe CUnicol VnJnr. of Rpprrsrniaiirc 

(irovpa of FJccIrocordingwm.s Dvrinf/ o Year of Small Demand as 
Compared With a Year of Large ])emand. One hundred electro- 
cardiograms were drawn from the laboratory files of 1934, a year of 
relatively low demand, and another hundred were taken from the 
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files of 1939, a year in which the demand was about twice as great 
as in 1 934. The records selected were evenly distributed through- 
out each year, the quotient of the year’s output divided by 100 
being the interval between the serial numbers draira: in this way 
we_ tried to avoid error arising from professional idiosyncrasies 
which might have prevailed in the ordering of the electrocardio- 
grams at any period. Excluded from this study were tracings of 
patients who were already represented in this particular investiga- 
tion by an electrocardiogram previously drawn. 

Each electrocardiogram was then appraised as to its clinical value 
from a study of the case history. Each tracing was then classified 
as follows : 

Class I: Records of decisive and exceptional significance in that 
they contributed distinctly new information to the clinical knowl- 
edge of a case. 

Class II; Records with positive significance, either in confirming 
a clinical impression or definitely establishing a diagnosis which had 
been uncertain. 

Class III: Records without positive significance whether normal 
or abnormal, and considered lacking in clinical helpfulness. 

The classes were subdivided into two groups; Group A were 
normal electrocardiograms, and Group B were abnormal records. 
We sought also to determine whether in the year of greater call for 
electrocardiography there was evidence of less discriminating use of 
this laboratory aid. This was attempted by passing judgment on 
each record in Class III as to whether or not it appeared justified 
from a careful consideration of the clinical features. This was ad- 
mittedly a somewhat arbitrary procedure, yet the independent 
deliberations of each of the three authors resulted in unanimity of 
opinion in all but a very few cases. 

The basis of classification of the electrocardiograms may he clearer 
from the following examples of actual cases; 

Cmss I, Group A. A middle-aged man was ill with typical clinical 
features of coronarj^ thrombosis. Serial ECG’s, of which the one considered 
here was the first, were all normal, and rendered this diagnosis untenable. 
This led to a suspicion of dissecting aneurysm which was finally diagnosed. 

Group B. An elderlj’' man under study for sudden severe headache ^d 
gastro-intestinal disturbance followed by dyspnea had a “routine'’ ECy 
which une.vpectedly showed signs of acute myocardial infarction (with 
typical evolution of T-wave abnonnalities in sub-sequent serial records). 

' Cmss II, Group A. An old woman Adth^ a historj' vaguely suggesting 
coronary' thrombosis had a normal ECG, Avhich was regarded as helpful in 
e.xcluding the improbable diagnosis. 

Group B. One 35-year-old man with a history' suggesting coronan' 
thrombosis had an EGG showing abnormalities compatible with but not 
tvpical of my'ocardial infarction. Another older patient with a similar 
Ifiston' had classical ECG changes for anterior apical myocardial infarction. 
Both records supported the clinical impression and rvere therefore Tcparaea 
as helpful. 
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Class III, Group A (justified). A middle-aged man with hypertension 
was suspected of having heart disease oii this basis but definite evidence 
was lacking. ECG also was normal, therefore not positively helpful, yet 
thought to be justified. 

Group A (unjustified). A young man Avith gigantism and psychoneurosis 
Avith respiratory symptoms, palpitation, and precordial discomfort had no 
abnormal cardiovascular findings and an ECG AA'as normal. A second 
ECG, draAvn in this study, AA’'as the same as the first, therefore considered 
unhelpful, and deemed unjustified since there Avere no neAV indications for 
its being repeated. 

Group B (justified). A middle-aged Avoman Avith hypertension had been 
under treatment A\uth digitalis for heart failure for several years. The 
ECG draAvn in this study shoAved I-V block. Because similar findings had 
been disclosed 2 years before, this record Avas regarded as unhelpful yet 
justified at least because of the long interval l)etAveen the examinations. 

Group B (unjustified). An elderly man Avith knoAvn arteriosclerotic 
heart disease AAUth auricular fibrillation. A first ECG shoAA^ed the abnonnal 
mechanism as aa'cII as left axis deAuation and S-T and T changes of the 
variety due to digitalis. Another ECG, draAAm in this stud}’-, Avas requested 
only a feAV days later AA’ithout neAV indications, and tlie tracing AA’as similar 
to the first. The second record AA’as therefore deemed unhelpful and 
unjustified. 

Table 3.— Ea’aluation of Electkocakdiogkams in a Yeah of Small Demand 
AND A Year of Large Demand. 



1934. 

1939. 


100 ECG’s. 

100 ECG’i 

Class I (diagnostic*) : 

Group A— Unexpectedly normal . . . . 

. . . 0 

2 

Group B — Unexpectedly abnormal . 

. . . 10 

12 

Total 

... 10 

14 

Class II (helpful) : 

Group A— Normal 

... 5 

7 

Group B — Abnormal 

. . . 34 

40 

Total 

, . . '. 39 

47 

Class III (unhelpful) ; 

Group A — Normal 

. . . . 14 

20 

Group B — Abnormal 

, . . . 31 

19 

Total 

45 

39 


* Diagnostic in sense that unexpectedly new clinical data of importance resulted. 


It is acknoAA’ledged that the tAA'^o samples of 100 records are too 
small to permit statistical treatment, but the analysis as summarized 
in Tables 3 and 4 reA’eals interesting trends. 

It is notable that in 1939, AA’hen electrocardiography Avas used 
about tAvice as frequently as in 1934, the percentage of insignificant 
or unhelpful records (Class III) AA'as smaller, AA’hile the percentage 
of clinically helpful records (Classes I and II) was definitely larger 
(Table 3) . Moreover, there AA'ere only about half as many seemingly 
unjustified records in the year of greater demand (Table 4). If one 
grants the liberal vicAV that all of the Class I and II records AA'ere 
justified, then 85% of the tracings in 1934 and 92% in 1939 fall in 
this category. The actual differences in support of these obser\'a- 
tions are small, but the trend in the direction indicated, rather than 
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the opposite one, seems to us convincing evidence that the greater 
volume of work in the latter year was profitably expended. 

That the greater clinical value of the records in 1939 was not due 
in any important respect to the routine emplo\’ment of a precordial 
lead in this year was excluded by a specific inquirj" which revealed 
that among the 100 electrocardiograms, of which 71 were abnormal, • 
there were only 3 in which the interpretation of abnormality was 
dependent primarily or entirely' on changes occurring in Lead IV-F. 


Table 4 . — Justifjcation of Class III (Unhelpful) Electbocardiogbajis During 
A Year of Small Demand and a Year of Large De.mand. 


Year. 

Group. 

Justified. 

Utijuslificd. 

1934 (45 ECG’s) . . . 

A (normal) 

10 

4 


B (abnormal) 

20 

11 


Total 

30 

15 

1939 (39 ECG’s) . . . 

A (normal) 

17 

3 


B (abnormal) 

14 

5 


Total 

31 

S 


Section III. Inquiry Into the lvalue of lioiitine Electrocardiog- 
raphy. We proceeded to investigate whether a significant amount 
of cardiac abnormality was being overlooked through the practice 
of obtaining electrocardiograms only when they seemed clinically 
indicated to the staff. We therefore undertook the following 
experiment. 

Electrocardiographic observations were made on 390 patients 
from all divisions of the New Haven Hospital and 100 patients from 
the medical clinic of the New Haven Di.spensary. All were patients 
for whom electrocardiograms w'ere not requested in the ordinary 
course of the clinical studj'. Selection was exercised only in that 
subjects less than 13 years old were not included. In the interests 
of economy of materials and time most of these examinations were 
made with an amplifier t\'pe electrocardiograph ■whose galvanometer 
deflections were observed directly on a slowly-moving fluoroscopic 
lag-screen belt illuminated ivith horizontal millimeter lines and 
vertical 0.1 second time subdivisions.* The accuracy of these 
obser\'ations was A'erified obtaining a coin^entional electrocardio- 
graphic record whene’ver there Avas doubt as to Avhether the measure- 
ment or character of any feature Avas AA'ithin normal limits, and the 
interpretations of such permanent records AA'ere then compared AVitli 
our notes based on the direct A'isual method; only a A’ery few minor 
discrepancies were encountered. Electrocardiograms of the three 
usual limb leads and precordial Lead AA’ere studied.- 

In order to avoid influencing the professional house and attending 
staffs in tlieir ordering of electrocardiograms on patients in t le 
hospital, the investigation vras done surreptitiously, usually oAcr 

* Sanborn cardiettc and cardioscopc. 
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week-ends, and information acquired b.y us was not divulged until 
the study was completed. We discarded and made substitutions 
for cases in which electrocardiograms were subsequently formally 
requested during the patient’s hospitalization. In performing the 
100 examinations in the out-patient clinic, only new patients were 
taken, they were chosen at random, and the observations were made 
early in the .morning while the patients were awaiting the opening 
of the clinic. The case history pertaining to each of the 400 elec- 
trocardiograms was later searched for data and opinions bearing on 
the presence or absence of cardiovascular disease. 

These examinations were conducted sporadicall}^ over a period of 
9 months, chiefly in May and November, so that seasonal factors 
concerned in the type of cases admitted were partly controlled. 
During this time there were several changes in professional staff, 
and personal factors which might influence the frequency of calling 
for electrocardiographic aid were thus minimized. 


Table 5.— Abnohmalities Encountbued Among 400 Unrequbsted Routine 

Elbctrocardiogr A MS. 


Ago group .... 


13-29, 

30-39. 

40-49. 

50-59. 

00-69. 

70+. 

Total. 

13-35. 

30-49. 

SO-f-. 

Number of ECG’a 


113 

67 

73 

67 

54 

20 

400 

151 

102 

147 

Normal ECG's 

. . 

.0,3 

41 

36 

16 

20 

7 

213 

120 

SO 

4.3 

Moderate L.A.D. . 

. . 

3 

15 

19 

23 

12 

6 

78 

n 

20 

41 

Abnormal ECG’s . 

. , 

17 

II 

18 

28 

22 

13 

109 

20 

20 

63 



15.0% 

10.4% 

24.7% 

41.8% 

40.3% 

50% 

27.2% 

13.2% 

25„5% 

42.9% 

A-V block . . . 


1 


1 

1 



3 

1 

1 

1 

1-V block .... 




3 

2 

4 

2 

11 


3 

8 

L.A.U. (marked) 





1 

2 


3 



3 

R.A.D 


1 



2 



3 

1 


2 

Abnormal QUSi . . 


1 

1 

2 

1 

2 


7 

1 

3 

3 

Ix)W voltage . . . 


5 

5 

3 

5 

4 


22 

0 

7 

9 

Abiiorinai S-T . . 


1 



I 



o 

1 


1 

Ti ubnonnally low . 



1 





1 


1 


Ti flat, inverted . . 





2 


1 

3 



3 

T; inverted, dipliasic 





1 


I 

2 



2 

Tj deeply inverted . 


1 






1 

1 



T* inverted, diphasic 


3 

2 

2 

1 

2 

1 

11 

5 

2 

4 

abnormnl in 2 leads or more 

4 

2 

7 

11 

8 

8 

40 

4 

9 

27 


ICacli ECO is reprAsentcd by (lie sinsilo most important abnormality it presented. 

ECG abnormalities were established by the following; P-H interval in e.xccss of 0.20 second. QHS duration in cxeess 
of O.in second. QIIS amplitude not exceeding 0.5 mv. over all in the limb leads. Q wave in Lead IV-F more than 0.3 mv. 
in amplitude. It w.avc absent in Lead IV-F. Left axis deviation only when marked. Right axis deviation. S-T dis- 
placement of more than 0,1 mv. T-wavc amplitude of less than 0.1 mv. in Leads I or II. T-wave inversion or diphasia 
in Leads I, II, and IV-F. T-wave inversion of unusual depth (5 mv.) in Lead III (one instance). 

Not included among ECG abnormalities were the following: F-wavc deformities. Very slight slurring of QR.S. Low 
voltage of QIIS in Lead IV-F only. Frominent Q wave in Lead III. Isoelectric T wave in Lead IV-F. 


The results of this inquiry are summarized in Tables 5 and 6, from 
which it is seen that while 109 (27.2%) of the electrocardiograms 
were abnormal, some abnormality might have been expected in 
(iO (15%), but was an entirely unexpected finding in 49 (12.2%) 
of the patients examined. No patient was included in the “unex- 
pectedly abnormal” group wliosc blood pre.ssurc. exceeded 150 sys- 
tolic or 95 diastolic. ^Moreover, if any detail in the recent history 
or ])liysical findings had a possible cardiac implication the record 
was exclud(3d from this group. Even after eliminating 22 cases 
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showing only low voltage (a net QKS amplitude not exceeding 
5 mm. in the limb leads), and an instance of right axis deviation in 
a young woman, since these may not always establish organic dis- 
ease of the heart, there were still 86 (21.5%) of the 400 examinations 
that revealed changes which are usually considered definitely abnor- 
mal, and of these 31 (7.8%) were unexpected. Furthermore, it is 
worth emphasizing that while the number of abnormal electrocardio- 
grams in this group cannot easily be made smaller (see Discussion), 
there are several possibilities that it might actiiallj' be larger. 
Tims, although no borderline records are included in the group and 
even tracings with left axis deviation of moderate degree were e.x- 
cluded, some of these may well imph' cardiac abnormalities in 
certain of our patients. Also, we ignored Q-T measurements en- 
tirely, yet there is e\'idence that prolongation of this interval 
beyond certain definite limits may indicate cardiac abnormality.’ 
jMoreover, in these single electrocardiographic examinations we may 
have overlooked the pathologic significance of records whose features 
were within normal or borderline limits, yet which possessed changes 
indicative of cardio\'ascular abnormality that would have been 
evident from serial studies. . The importance of serial changes, even 
when slight, is well known^ and has been abundantly confirmed in 
our experience.'* Finally, a few cases were excluded from the 
‘Tme.xpectedly abnormal” group on the basis of a single blood pres- 
sure determination in which either a systolic or a diastolic reading 
exceeded our established limits but did not necessarily prove the 
existence of true hypertension or hypertensive heart disease. Even 
when the electrocardiographic abnormalities bore no conceivable 
relation to the abnormal clinical features, as in the case of a young 
woman with a craniopharyngioma and paroxysmal hypertension and 
with deviation of the electrical axis to the right, our convenient but 
conservative rule obliged inclusion of the case in the “ e.xpeetedly 
abnormal” group. 


Table 6. — Expect.^xct Findings of Nobmal and Abnojlmai. ELEcritocAnDio- 

GRAJIS AsiONG 400 UNnEQVESTED ROUTINE RECORDS.* 


Age group: 

13- 

.30- 

•JO- 

50- 

co- 



13— 

30- 


29. 

39. 

411. 

59. 

09. 

70 + . 

Total. 

35. 

49. 

.30 4" • 

Expected normals . 

100 

01 

ol 

33 

33 

10 

3T7 

133 

77 

03 

Actual normals . 

S7 

37 

28 

13 

15 

4 

m 

111 

41 

32 

15 

Abnormals 

11 

10 

13 

9 

3 

3 

49 

14 

21 

Borderline 

2 

14 

10 

11 

4 

3 

44 

10 

10 

IS 

Expected abnormals 

IS 

0 

23 

34 

32 

10 

133 

10 

33 

S3 

4S 

Actual abnormals 

a 

1 

5 

19 

19 

10 

00 

G 

C 

Borderline 

1 

1 

0 

12 

s 

3 

34 

1 

10 

2.3 

11 

Normals .... 

* Expectanoy ba.«cd oi 

0 4 S S o 

c-linical fiiidinfSi and impres. 

3 

■inns. 

29 

9 

9 


Another fact of particular interest which emerged from tliF study 
was that electrocardiographic abnormalities occurred in 15% o' 
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subjects less than 30 years of age wliose histories, pli.ysical signs, and 
clinical impressions gave no suggestion of cardiovascular disease. 
The relatively high incidence of abnormalities in the tracings among 
the elderly patients, even in the ab.sence of other clinical evidence 
of heart disease, was perhaps to have been expected and has recently 
been emphasized by others also.®-® In the younger age groups, 
however, these findings came as a surprise. 

Because of the possible bearing of these observations on the 
judgment of physical fitness of men called to arms under the Selec- 
tive Service Act, the age groups were recast to show the results 
among subjects through the draft age, as compared ivith middle-aged 
and elderly groups. Definitely abnormal electrocardiograms oc- 
curred in 13.2% of the youngest group without other clinical evi- 
dence of heart disease; if the borderline feature of left axis deviation 
is included, 20.5% of the group within the draft age were not normal. 
Since these observations are confined to a population made up of 
patients they are not necessarily applicable to the general population. 

It is pertinent to the subject of routine electrocardiography to 
refer briefly to unpublished observations, carried out previously in 
this laboratory by A. D, Chidsej',- on electrocardiographic abnor- 
malities encountered in the examination of patients with acute infec- 
tious diseases. Fifty subjects suffering chiefly from pneumonia, 
scarlet fever, and acute tonsillitis and pharyngitis, were selected for 
study because they had no history or physical signs of cardiac or 
vascular disease, were free from hypertension, ami had received no 
drugs like digitalis or quinidine. Electrocardiograms, including the 
three limb leads and precordial Lead D -F, were taken at 4- or 5- 
day intervals both at the height of the illnesses and during convales- 
cence. In 22 of the patients (44% of the group) electrocardiograms 
that were judged either probably or definitely abnormal were ob- 
tained. Fifteen of the patients (30% of the group) exhibited definite 
abnormalities, either RS-T and T changes or delayed A-Y conduc- 
tion, which in all but one instance were transient or changing during 
the serial studies. A descriptive tabulation of this group of cases is 
presented in Table 7 (Chidsey’s Table 4). Since the average age 
of the.sc 15 patients was 25.0 years, of whom the 2 olde.st were 
42 and 43 years of age, respectively, not even asymptomatic coro- 
nary sclerosis can be invoked in explanation for the observed abnor- 
malities, and it is lielievcd that the .serial changes indicated an acute 
myocardial involvement that was not evident clinically. 

Electrocardiography seemingly oft'ers an important case-finding 
method in the fleld of cardiovascular disease even among the rela- 
tively young who have had the benefit of e.xamination and study 
b\- two or more physicians under hospital conditions. It appears 
that the routine employment of this laboratory aid discloses a 
significant incidence of electrocardiographic abnormality beyond 
that which might be e.xpected from other clinical evidences. 
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Table 7.— Fifteen Cases Showinc Definite Electrocabdiogbaphic Anomalies. 


Case 

Sex, 


No. of 


No. 

Age. 

Diagnosis. 

ECG's. 

EKG changes. 

G 

M 

Virus (?) 

3 

T wave low and flat in all leads re- 


23 

pneumonia 


verted to normal. 

23 

M 

Lobar pneu- 

4 

T wave low and flat in Leads I and 

24 

42 

M 

■ monia 


II and diphasic in IV-F re- 
verted to normal; prolonged 
Q-T throughout. 

Lobar pneu- 

5 

T wave low and flat in all leads re- 


18 

monia 


verted to normal. 

27 

F 

Scarlet fever 

G 

T wave in Lead IV-F ehanged 


7 



from upright to inverted and re- 
turned to upright; P-R inten-al 
changed from normal to pro- 
longed and returned to normal; 
prolonged Q-T throughout. 

30 

M 

Lobar pneu- 

3 

T wave low and flat in Leads I and 


27 

monia 


II reverted to normal in Lead I. 

31 

F 

.4oute pharj-n- 

3 

T wave low and flat in Lead I re- 


43 

gitis 


turned to normal; T wave in 
Lead IV-F changed from up- 
right to inversion to diphasic. 

32 

F 

Scarlet fever 

4 

T wave low and flat in Lead II re- 


10 



turned to normal; T wave in 
Lead lY'^-F changed from up- 
right to inversion, to upright; 
prolonged Q-T throughout. 

37 

F 

Peritonsillar 

3 

T wave in Lead IV-F changed 


14 

abscess 


from low to inverted with a high 
S-T level and then to diphasic. 

40 

M 

Scarlet fever 

3 

T wave in Lend I changed from 


29 



normal to inverted with low 
S-T segment level and returned 
to normal; in Lead II changed 
from normal to low and flat, and 
returned to normal; in Lead IV- 





F changed from diphasic to in- 
verted and returned to normal; 





prolonged Q-T in second record. 

41 

M 

Peritonsillar 

3 

Incomplete A-V block throughout; 


40 

abscess 


P-R interval 0.22 second. 

42 

F 

Pneumonitis 

2 

T wav(is flat in Leads I and II with 


24 



low S-T segment in Lead IV-F 
returned to normal. 

45 

M 

Lobar pneu- 

5 

T wave in Lead I flat and low ro 


19 

monia 


turned to normal; T wave in 
Lead IV-F deeply ini'crtcd re- 
turned to upright; abnormal 





QRS in Lead IV-F throughout; 
prolonged Q-T throughout. 

17 

M 

Lobar pncu- 

3 

Incomplete .\-V block throughout : 


30 

inonia 


P-R interval 0.22 to 0.20 sec- 
ond; T wave in Lead II low re- 
turned to normal, and in Lead 
IV-F diphasic returned to nor- 
mal. 

4S 

I' 

Er.vsijipla.< 

4 

.\bnormally l.arge and notched P 


40 


waves: in Leads II and III re- 
turned to normal. 


I't 

M 

Moningococ- 

3 

T wave in Lead II low and flat 


I.S 

cemia 


with deeply inverted T wave in 


I.c.Til III retiirnod to iiomial in 
1,03(1 II; prolonped Q-T in .“co- 


ond record. 
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Discussion. It is illogical to presume that the steady increase in 
the proportion of abnormal electrocardiograms^ as more and more 
tracings were made annually (Section I) was primarily attributable 
to the more frequent resort to this diagnostic method; for although 
heart disease may now be called “ captain of the men of death,” it 
is certainly not yet an associate of the majority of the sick, and 
the relative occurrence of electrocardiographic abnormalities would 
show a decreasing increment as abnormal records are looked for 
more generally and with less discrimination. We believe, therefore, 
that these observations, together with the unexpected results of the 
samplings dealt with in Section II imply a more judicious and intelli- 
gent application of this laboratory aid coincidental with its increased 
employment, and from this one may, further, infer that a more 
liberal use of this diagnostic method does not necessarily result in 
wasteful expenditure of laboratory service. The additional dis- 
covery of a considerable number of electrocardiographic abnormali- 
ties in a significant proportion of patients who were regarded as free 
from cardiovascular disease (Section III) is direct evidence in sup- 
port of a prevalent view that a full appraisal of the cardiac status is 
not complete without this adjunct to supplement the history, physi- 
cal examination, functional tests, and roentgenographic study. 

As to the significance of the unexpected abnormalities encoun- 
tered, a valid general appraisal is admittedly difficult to make. 

In the first place, the bases upon which Ave separated the expected 
from the unexpected abnormalities Avere necessarilj" arbitrary eA^en 
though our approach was deliberate!}'' objective. Nevertheless, 
modification of the criteria of judgment in one direction or another 
does not enhance the results. Thus, if the clinical features that 
define an unexpected abnormality are made narroAAmr and more 
rigid, the number of unexpectedly abnormal records naturally rises; 
AA’hile, if the clinical features defining an unexpected abnormality 
arc made broader and more inclusiA’^e, the number of normal tracings 
increases unreasonably. 

In the second place, some of our unexpectedly abnormal records 
might be explained, a posteriori, by a history like that of trichinosis 
some years before or diphtheria in childhood. If the A>'alidity of 
such explanations could be established, then some of the unexpected 
abnormalities aa^c encountered may have no present or future clinical 
importance at all. HoAA'CA'er, in other patients the discovery of 
similar unexpected abnormalities may be highly significant. For 
cxamjde, T-wave abnormalities or heart block (AW'" or I-V) in the 
diabetic patient or the subject Avith Buerger’s disease may imply 
current coronary heart disease and progressive cardiac damage Avith 
definite prognostic inferences. 

Thirdly, although a considerable portion of the electrocardio- 
graphic abnormalities Avas found among the older age groups, tliis 
might not be considered surprising, for coronary heart disease is 
common among them, the nature of such heart disease is particu- 
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larly prone to produce electrocardiographic alterations, and changes 
in the tracings are more to be expected in any heart disease as it 
ages with advancing years. As a matter of fact, the occurrence of 
unexpected abnormalities was consistently lower in the older than 
in the younger age groups with the criteria we followed. Old age 
per sc is not a cause of such abnormalities. It seems quite likely, 
therefore, that the unexpectedly abnormal electrocardiograms in 
the older patients indicate cardiac involvement not otherwise 
apparent. 

Finally, the actual significance of certain familiar electrocardio- 
graphic abnormalities is not yet clearly established, for the category 
of abnormal features is built up largely from studies on patients 
with known or suspected heart disease instead of statistical analyses 
of large groups of normals. For example, low voltage occurred in 
22 of the 400 patients examined in Section III of this study, and in 
18 subjects this finding occurred in the absence of any presumptive 
evidence of heart disease. Wilson^® found low A'oltage in less than 
1% of 100 normal sulijects, which suggests that this feature was 
abnormal. However, 'Willius and Killins® stated that in 68% of 
140 cases showing low ^•oltage there was no apparent heart disease, 
and unpublished studies® made in this laboratory of 50 cases exhibit- 
ing low voltage included 15 patients in whom heart disease was not 
otherwise establi.shed. Thus, while low I'oltage may be an electro- 
cardiographic abnormality, its significance and relation to heart 
disease is still uncertain in our opinion. Similar considerations 
may perhaps apply to other electrocardiographic abnormalities, 
such as unusually low, flat, or diphasic T waves.® The serial changes 
in T noted by Chidsey® in patients with acute infectious diseases 
suggest at least transient myocardial involvement. Perhaps such 
changes mean no more than abnormal findings in the urine encoun- 
tered transiently in conditions other than primary disease of the 
kidneys, but the facts indicate that the electrocardiogram, like the 
urine analysis, may furnish evidence of such involvement which 
may not otherwise be clinically apparent, and may influence views 
bearing on diagnosis, prognosis, and convalescence, the validity of 
which can be pro\'ed onlj' by further experience. 

If on the other hand, most of these abnormalities should pro\e 
meaningless, then our unexplained abnormal findings are but few 
and may cause no further concern. We are not prepared, therefore, 
to recommend electrocardiography as a routine examination, 
although it appears fully as capable of revealing obscure disorder 
as the more conventional routine blood count and urine analy.si.s. 
Our results oblige us, however, to view electrocardiography as n 
desirable laboratory test not only in cardiac patients but also m 
those with diseases that are known or suspected to involve the heart 
secondarily, and in all elderly subjects. Our study indicates that 
wide general use of this laboratory method is amply justified by it.- 
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frequent disclosure of unexjiected abnormalities whidi may prove 
to imply cardiac involvement that would otherwise escape detection. 

Summary. Inquiry into the clinical helpfulness of a large and 
steadily increasing demand for electrocardiograms in the New Haven 
Hospital and Dispensary revealed that the proportion of abnormal 
records obtained has grown considerably and has practically paral- 
leled the increasing demand, and that the clinical value of a repre- 
sentative group of records in a year of high demand was fully as 
great as in an earlier year when records were requested only half 
as frequently. 

A study of the results of routine eleOtrocardiography disclosed a 
significant incidence of electrocardiographic abnormalities beyond 
that which might be expected from other clinical evidence. 

Conclusion. The increasing use of electrocardiography in local 
hospital practice appears justified. Requests for routine unneces- 
sary electrocardiograms are decried, but their liberal use, if applied 
judiciously and intelligently, discloses abnormalities of clinical value 
sufficient to warrant the extra expenditure of laboratory seiudce. 
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THE DANGER OF PROCRASTINATION IN BILIARY TRACT 
DISEASE UNTIL IRREVERSIBLE LIVER AND 
KIDNEY CHANGES OCCUR. 

By Abraham 0. Wilensky, M.D., 

NEW TORK, N. Y. 

The terminal phase of biliary tract and liver disease is the result 
of the progre.ssion of certain events, the pattern of whicli appears 
to be uniform. Tlie pattern has been labeled “cholemia” mislead- 
iiigly, for the picture is not enth-ely dependent upon the presence of 
icterus or hyperbilinuria. A much better term would be “hepatic 
insufficiency.” jMost of the cases presented, in addition, evidences 
of severe renal (hepatorenal syndrome) damage. WliiJe the picture 
IS outwardly more or less uniform, many inconstant, interesting and 
unexpected functional and pathologic phenomena liave occurred in 
other organs, showing that the results of hepatic insufffeienev are 
far-flung.®''-* 
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The exact factor in hepatic insufficiency Avhich is responsible for 
the various organ changes is at the present AVTiting unknomi. The 
observation that necrosis of liver cells was associated with changes 
in the renal parenchyma and consequent renal insufficiency led 
some men to postulate the liberation of a nephrotoxic poison from 
the necrosed liver cells. Helwig and Schultz'* in cases of liver pulpi- 
fication, and Fitz-Hugh- in cases of common duct obstruction is-ith 
infection believed the mechanism to be definitelj^ neplirotoxic, and 
incriminated infection as the chief cause. The association of liver 
damage and renal insufficiency has been reported too often to be 
merely a coincidental finding. However, there is little experimental 
proof for this relationship. The association may be merely the 
result of a disturbed water balance and hlann V work on hepatecto- 
mized animals ivould tend to corroborate this. Edema occurs in 
hepatic insufficienc.y, but this may be the result of cardiac failure 
or of a disturbed relationship of blood proteins wliich occurs in liver 
disturbances. It is CA’en conceivable that the hepatorenal syndrome 
may be the result of an absence or diminution of some factor, pos- 
sibly hormonal, which is elaborated by the liA'er. Bile retention 
does not cause the profound changes, since jaundice is not necessarily 
a part of the picture. Though biliary nephrosis is not uncommon in 
obstructive jaundice, these patients may go for long periods of time 
without dcA'eloping hepatonephritic toxemia. Circulatory A’aso- 
constriction or vasodilatation has been adduced as a possible cause 
of these interrelated hepatorenal changes because of their intimate 
embryologic blood supply. 

The clinical picture of biliary tract and hepatic disease terminating 
Avith oliguria, anuria and uremia is fairly Avell knoAA'n. I have 
observed this quite frequently and feel that this is a common mode 
of exitus, but I do not belieA'e that the effects are specific for the 
kidneys alone. In 10 cases which came to postmortem examination 
the hepatorenal .syndrome aa-us applicable to 6. In 3 cases the pre- 
dominant terminal phase AA-as cardiac and 1 case presented an unus- 
ual blood picture reseniiiling a subleukemic myelogenous leukemia. 

It has been my obserA-ation that in common duct obstruction the 
outcome is faA’orable, proA’ided infection does not set in in the biliary 
tree. Once infection gains a foothold, AA'hether the obstruction is 
relieved or not, the entire picture changes and the course is fre- 
quently rapidl.A' doAA'nhill. OperatiA'e release of common duct 
obstructions is often too late subsequently to reA’erse the preceding 
sequence of CA-ents. The resulting cholangiohepatitis does not bear 
any relationship to anA' particular bacterial organism, although the 
latter is probably deriA'ed from the alimentary canal. The quanti- 
tatiA C extent to AA-hich the liver parenchyma is functionally involvcfl 
Avill determine the final outcome, but frequently there are no recog- 
nizable corre-sponding anatomic changes. Oertel, Stadclraann and 
Eppinger, Ir., have pointed out that some activity liberated in the 
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liver cell environment disturbs the normal cell function so that it is 
unable to neutralize the toxins which result from normal digestive 
processes or other sources. Infection in the biliary radicals is not 
the only means of causing sufficient liver damage to produce the 
terminal picture, for direct trauma with pulpification of the liver 
and other mechanisms ha^^e produced the liver-kidney sjmdrome. 

In my cases the charaeteristic changes found in the kidneys were 
marked* degenerative changes in tlie tubules, and at times in the 
glomeruli, with occasional hemorrhages in the renal parenchyma. 
One case presented miliary abscesses. Myocardial changes, when 
jiresent, were also of a degenerative nature. The case presenting 
an unusual blood picture showed hyperplasia of the myeloid struc- 
tures. All cases presented a severe degree of periportal cellular 
necrosis of the liver. 

Case Reports. Case 1.— For the preceding year a 52-year-old woman 
liad complained of abdominal cramps, gastric eructations, epigastric pain 
radiating to the liack and right shoulder, without jaundice or change in the 
color of tlie stool. Tlie patient was not acutely ill, l)ut Avas elderly in 
appearance and olDese. The laboratory findings included ; 1, Roentgen ray 
visualization of a single gall bladder stone; 2, icteric index of 11.2; 3, an 
indirect Van den Bergh of 0.7 unit; the other findings were of no particular 
importance. 

The operative exploration showed: pericholecystitic adhesions, a chronic 
cholecystitis with one large stone and an old healed duodenal ulcer. For 
3 days the patient seemed to do Avell, then fever developed; there were 
questionable signs in the left lung; there was rapid sulrsequent deterioration 
and exitus occurred on the following day. 

_ The postmortem examination showed: periportal inflammation in tlie 
liver parenchyma with fatty infiltration in a cirrhotic environment and an 
acute parenchjTnatous nephritis. 

This is the more or le.ss typical case of chronic gall bladder disease 
with subacute cholangitic infection which terminates fatally Avithin 
a feAV days after operation, the trauma of operation probably acting 
as an impetus for the infection to become more fulminating. Al- 
though the laboratory study Avas inadequate, the clinical course 
indicated that this case terminated Avith renal failure, since outside 
of the liver the chief histologic changes AA'cre found in the kidneys. 

Case 2.— A 65-3'^ear-old patient AA-as admitted in a second alidominal 
e]ii.sode AA'ith jaundice, dailj’- chills and fever, and right upper quadrant 
pain of 6 days’ duration, after a free interval of 5 years. The pain AA-as not 
severe but the jaundice had deepened, the stools had become yelloAv and the 
urine A’^erj'- dark. A persistent hiccough Avas present. 

The patient Avas an elderlj’-, AA'ell-deAmloped, rather obese, AA’hite male 
markedly icteric, acutely ill, and in A-^ery bad general condition. The abdo- 
men AA-as .slightly distended; and there Avas marked costal tenderness and 
percussion tenderness OA^er the loAA-er right ribs. The IRer Avas enlarged to 
3 cm. bcloAv the costal margin. No other masses or Auscera Avere palpable. 
The rest of the examination AA-as relatwelj'’ negatiA-e. 

Although operation appeared urgently ‘indicated, the patient’s general 
condition was too precarious for any f onn of surgery. TJiere were toxemia 
cliills and high fever, a clay-colored stool, increasing abdominal distention 
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oliguria, a uon-protein nitrogen of 117 ing. per 100 cc. and an increase in 
the icteric index. The patient died. 

The important laboratory data were the following: icteric inde.x, 94,5 
to 137.3; Van den Bergli, direct immediate and 17 units indirect; blood 
urea, 31.1 mg.; non-protein nitrogen, 117.6 mg.; creatinine, 2.73 mg.; 
urine, bile + + -f + ; blood culture, B. subtilis. 

This case presented the severest type of liver-induced injury to 
the renal mechanism. The terminal picture included oliguria, 
anuria and uremia, and the azotemia was well marked quantitatively. 

Case 3. — A 60-year-old white female, comatose and in moribund condi- 
tion, had had during the preceding j^ar progressive anorexia, bronzing of 
the skin, and loss of weight. An acute episode of severe right upper quad- 
rant pain had ushered m the present emergency. There were marked tox- 
emia, emaciation, dehj^dration and jaundice. Many of the to.xemic mani- 
fe.stations were referable to the central nen’ous sjouptoins. The only 
objective findings were marked tenderness in the right upper quadrant and 
a slightly enlarged liver. Death occurred on the daj' following admission. 

Laboratorj’ data included: hemoglobin, 102%; red blood count, 5,200- 
000; white blood count, 23,500; neutrophils, 50%; urine, smokj', acid, no 
albumin, small number of casts; Wa.ssermann and Kahn, negative. Blood 
chemical studies: sugar, 178.6; urea nitrogen, 21; non-protein nitrogen, 
21; uric acid, 3.6; creatinine, 1.28; icteric index, 63.3; Van den Bergh direct 
immediate; indirect 5.1 units/100 cc. .serum. 

Tills case presented tlie picture of a long-standing progressive 
obstructive jaundice in which the hepatic insufficiency intervened 
suddenly, probably as the result of a sudden complete tightening of 
the obstruction, no doubt precipitated In’ an oi’erwlielming infection. 
The ensuing toxemia was marked by .si-mptoms referable to the 
central nervous system. 

Case 4. — Ten days before admis.sion, a 58-year-old man, the subject of 
angina pectori.s for the preceding 7 year.^;, complained of epigastric pain 
which was followed by a gradually increasing, intense jaundice. Weakness 
and languor were marked at tlie onset and for the 2 d33’s before admission, 
mental changes were ei’ident: restle.s.sne.ss, delirium, and finally coma. 

The ph.vsical examination revealed an elderlj’ well-nouri.shed, extremely 
restless, comatose, cj’anotic indii’idual, with stertorous breathing, and 
marked jaundice. Pujiils were .slightlj’ irregular, dilated, fixed to light and 
slow nystagmus was pre.sent. There were e.xophthalmos and markedly 
icteric sclerte but the fundi were normal. The lungs were emph 3 ’.sematon.s. 
The cardiac sounds were distant, and a harsh systolic blowing, nou-trans- 
missiiile murmur was present at the apex. The area of liver dullness was 
clistinctb’ diminished. No other masses or i-iscera were palpable. _ There 
was marked h 3 ’perreflexia, with bilateral ankle clonus and Babin.ski. The 
abdominal and cremasteric reflexes were absent. The rest of the physical 
findings were of no clinical importance. _ . 

There was definite oliguria with tenninal anuria. The urine contained 
a large amount of albumin, an occasional red and white blood cell and ivany 
lu'aline and granular casts. However, no leucine or t 3 'rosine ci^’stals were 
present; and there was no gb’cosuria or acidosis. Bile and urobilinogen nerc 
pre.sent in the proportion of 1:10. 

Tlie blood ciieinical studies were as follows: glucose, 61.7 mg.; non- 
protein nitrogen, 67.4 mg.; creatinine, 1.21 mg.; chlorides, 410 ing. I)cr 
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100 cc. whole blood; CO 2 combining power, 30.5 vol. %; icteric index, 61.9; 
Van den Bergh — immediate direct, 5.3 units indirect. The W asserraann 
and Kahn tests were negative and no heavy metals or other poisons could 
be found in the gastric contents. The hemoglobin was 92%; the red cell 
count was 4,900,000; the white blood cells numbered 21,800 Avith 83% 


neutrophils. . , , , -x i mi 

The patient lived for 14 hours after admission to the hospital, ihere 

were terminal fever, restlessness, flaccidity and Cheyne-Stokes respu-ation. 
Death occurred in cardiac collapse. 


Thi.s case presented the picture of a subacute yellow atrophy with 
severe renal impairment and with unusual cerebral symptoms. It is 
possible that the hyperglycemia may have contributed to the picture, 
but it is apparent that the cerebral symptoms are out of proportion 
to the degree of demonstrable anatomic change. 

Case 5.— A 40-year-old female, who had had 2 children, Avas admitted 
because of pain in the right upper quadrant radiating to the back. The 
last menstrual period 2 Aveeks before admission Avas unusual in that she 
bled for 10 days. Since the onset there Avere progressively increasing jaun- 
dice, clay-colored stools, pruritus, nausea, anorexia, AA^eakness and a loss 
of 15 pounds in Aveight; and, although there had been no further attacks 
of abdominal pain, a sense of soreness persisted in the back. 

The physical examination revealed a middle-aged, AA^ell-nourished, 
markedly jaundiced, Avhite female, in Avhom there Avas practically no 
palpatory localizing signs. 

On admission the patient complained of nausea and a feeling of Aveakness. 
On the seventh and eighth days she had a slight chill and a rise of tempera- 
ture to 103° F. An unusual blood picture, namely, an aplasia of the blood 
elements then developed until the Avhite cell count fell to 350 cells Avith 
marked relative lymphocytosis. A number of myeloblasts Avere found on 
careful search. The red blood cell count, hemoglobin content and the 
number of the platelets likeAvise kept falling. Transfusions AA'ere Avithout 
avail. A mj^eloid leukosis Avas suspected but a sternal marroAV puncture 
revealed^ nothing diagnostic. The icteric index, Avhich had preAoousljf 
been rising steadily, began to fall Avith the onset of the feA'^er. Urobilin 
appeared in the stools and urine. The cholesterol esters liegan to fall. 
Urine excretion Avas abundant even in the presence of an increasing azotemia . 
The phenolsulphonephthalein excretion Avas undeterminable. ToAvard the 
end, there AA-ere increasing Aveakness, dyspnea, eleA’^ated temperature, mus- 
cular tAvitchings, delirium and terminal coma; exitus finally odcurred. 

This case aa’-rs unusual in that the hematologic picture shoAA^ed a 
rapidly jrrogressiA'e aplasia of all the blood elements Avith the ap- 
pearance of very immature myeloid cells, so that antemortem, the 
diagnosis of myelogenous leukemia aa^s made. The histopathology 
did not bear this out, and again aa'c have an illustratioh that liver 
damage may have Avidesjjread, protean and, at times, most unusual 
and bizarre effects. 


Case 6.— A 45-year-old, obese, Avhite AA'oman Avas admitted to the hosihtal 
because of frequent episodes of nausea, retching Avithout vomiting and 
mtenmttent attacks of severe hyimchondriac pain. Finally, pruritus Avas 
present; the urine became dark and the stools claj^-colored; marked jaundice 
developed. NeA^ertheless, the patient was relatively comfortable and did 
not appear acutely ill. There Avere seA-eral small hemorrhagic spots on th^ 
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abdomen. The heart and lungs were negative. There was marked tender- 
ness with some rebound tenderness in the right upper quadrant, but-without 
rigiditj'. No masses were palpable, but the liver was sligh% enlarged. 

The labors tor}’- data included the following: Wassermann and Kalin 
tests, negative; hemoglobin, 110%; red blood count, 5,400,000; white blood 
count, 6700 with 70% neutrophils. Blood chemical studies: chlorides, 
271.1 mg.; glucose, 99.5 mg.; urea nitrogen, 114.8 mg.; uric acid, 219 mg.; 
icteric index, 191.4; Van den Bergh, indirect, 18 units; bleeding time, -2 
minutes; coagulation time, 5i minutes; urine, yellow, acid, sp. gr. 1.010, 
44 - bile, no urobilinogen, occasional leukocyte; stool, no bile salts pre.seiit. 

After preliminary, not -completely satisfactory preparation, she was 
operated upon. A chronicall}’- diseased gall bladder was found, and stones 
were present in the gall bladder and in the con-unon duct. The patient did 
well for 8 days. Then she became drowsy and the temperature rose to 
102° r. A diffuse erjdihema multiforme-like rash appeared, -nith oliguria, 
drowsiness and terminal coma. Exitus occurred on the fourteenth day. 

The postmortem examination demonstrated an obstructive jaundice due 
to stenosis of the common bile duct and stones; a toxic hepatitis; an acute 
nephritis; multiple abscesses of kidneys; and a localized plastic peritonitis. 
The liver showed marked destructive changes vith attempts at a compensa- 
tor}^ h}^ertrophy; diffuse fibrous rupture of the bile capillaries and hemor- 
rhagic infiltration of parench}Tna ; dense fibrosis in areas with almost com- 
plete obliteration of the normal liver elements. The kidneys showed diffuse 
hemorrhagic and degenerative changes in the tubules and glomeruli. 

This case presented an unrelievable common duct stenotic obstruc- 
tion with hepatic insufficiency. A fatal termination was inevitable. 
Although the case is presented as an example of the liver-kidney 
syndrome, the general infection and the local suppurative foci in 
the kidneys and in the peritoneum must not be lightly dismissed, 
and were surely the final irreversible and dominant cause of death. 
This association occurs so often that its importance must be stressed. 

Case f.—In a 58-year-old female with cardiac disease a cholecy.stectomy, 
done for chronic cholecystitis and cholelithiasis, was followed in the suc- 
ceeding 5 years by increasingly frequent recurrent attacks of chills and fever, 
agonizing right hypochondriac pain with vomiting and jaundice, with clay- 
colored stools and highly colored urine. 

The physical examination revealed a groaning, dy.spneic, cyanotic, icteric 
person. The heart was not enlarged to percussion; the sounds were fair 
and the pulmonic .=ound was louder than the aortic. The cardiac rate wa.s, 
however, totally irregular. The lung.s were clear. Tlie abdomen was 
obese, distended, rigid on the right side with tenderness in the right hypo- 
chondrium and epigastrium; and the liver was enlarged. 

A severe chill -uith temperature of 105° F., cyaTiosis and scmicoma intcr- 
r-ened quickly and the patient died 9 hours after admission in cardiac failure. 
No laborator}’ work-up was iJossiblc. 

The postmortem examination showed cludelithiasis, stenosis of the bile 
duct, acute and chronic sujjpurativc cholangitis and iiepatitis,yt«.\ic fonn 
of nephritis; splenomegaly and acute splenitis; chronic pancreatitis; diffuse 
fibrillar}’ myocarditis and atheroma of the aorta. 

This case presented a long-standing incomplete common duct 
obstruction with infection in the biliary radicals. Drainage through 
the common duct was at first sufficient to take care of the infection; 
but finally the drainage became incomplete and the infection then 
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ov er whelmed the hepatic cells, producing liver insufficiency. N ever- 
theless, the immediate termination was a cardiac phenomenon, 
based upon an old endomyocardial lesion, and fatally exacerbated 
by the overwhelming infection. 

Among cardiologists, the deleterious effect of a focus of infection 
upon cardiac lesions is so well known either as an inciting or contrib- 
utory agent that a cardiac lesion has at times been the deciding 
factor in determining operation upon the biliary tract apparatus. 
Beneficial effects upon the cardiac condition have followed many of 
these operations. This should emphasize the advisability of early 
operative attention to gall bladder and liver conditions. 

Evidence of severe renal damage was also present; this completes 
the clinical picture of the hepatorenal syndrome; and there is no 
doubt that, had the patient continued existence, the terminal phe- 
nomena would have been those of renal insufficiency. 

Case 8.— In a 48-year-old man there was a history of a long-continued 
dyspepsia and episodes of epigastric pain associated with vomiting, light- 
colored stools, jaundice and latterly Avith chills and high fever. The im- 
pression given by the present 7-day-old episode was that the jaundice Avas 
of an obstructive nature AAuth a superimposed cholangitic infection. 

Physical examination revealed an acutely ill, _ icteric, cyanotic, Avhite 
male. The lungs Avere_ clear except for an occasional sibilant rale,^ The 
heart had a soft bloAving systolic murmur at the apex. _ There A\^as rigidity 
of the upper rectus muscle Avith exquisite tenderness in the epigastrium. 
The liver v'as slightly enlarged. 

The laboratory studies shoAA^ed the folloAA'ing: hemoglobin, 58%; red 
blood cells, 4,600,000; Avhite blood cells, 10,900; neutrophils, 70%; blood 
sugar, 101.5 mg.; blood urea, 13.4 mg.; creatinine, 1.41 mg.; cholesterol, 
109.9; esters, 59%; Van den Bergh, direct 28.1 units; phenolsulphone- 
phthaleiu, 10% in 2 hours; stools negative for blood; clay-colored; stomach 
analy.sis:_ free acid 20, total 44, no bile; bleeding time, 2 minutes and 
coagulation time, 4 minutes; urine, bile present. 

The original impression, i. e., obstruction plus infection, AA^as confirmed. 
There Avas_ continued oliguria despite a satisfactory intake, but there Avas 
no azotemia, even though there AA'as only 10% excretion of phenolsulphone- 
phthalein in 2 hours. 

It AA’as not possible to prepare the patient suitably for operation and the 
synijitoms continued. On the seventh day after admission he developed 
substernal oppression, a clicking feeling, a fear of impending death, Aveak- 
ness, a totally irregular heart rhythm, and electrocardiographic evidence 
of auricular fibrillation Avith frequent A'^entricular extrasystoles. The gen- 
eral condition rapidly became critical, and exitus folloAved shortly thereafter. 

The postinortem findings A\'ere: jaundice, ascites, nutmeg liver, con- 
gested fibrotic siileen, chronic peritonitis, chronic pleuritis, healed apical 
tuberculosis, contracted edematous gall bladder, dilated common duct, sub- 
cjiicardial, subendocardial and intramural hemorrhages; ]3unpiioid liAUier- 
plasia. 

This case presents a long-standing gall bladder disease with the 
sudden intervention of obstructive jaundice and cholangitis. There 
undoubtedly Avas some renal impairment present but the immediate 
terminal picture was a cardioAmscular collapse, suggestive of sudden 
coronary occlusion. 
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Discussion. This series of biologic events has its inception in 
the biliary environment and begins' usually before the fortieth year 
of life. In the initial primary stage of this disease, the process", for 
practical piuposes, is limited to the gall bladder. The important 
facts that clinical experience has demonstrated are that in this 
stage the disease occurs in younger subjects, the general health is 
good, there are no complicating factors anywhere else in the body, 
the results of surgery are excellent, and the mortality is very small. 
These facts are true when the disease is brought under control at a 
fairly early period of its development, when the patients are under 
forty years of age and when preliminary medical treatment has not 
been unnecessarily prolonged. 

If unchecked, the further progression of the disease occurs slowly 
and frequently extends over a span of life up to 20 and- more years. 
The consequences occur most commonly in the fifth and sixth 
decades of life. Infection enters the picture sooner or later; then 
the process spreads upwards through the biliary tract; and presently, 
various forms and degrees of obstructive jaundice follow with secon- 
dary effects in the kidney. If reversal of the process and especially 
of its dangei'ous component, jaundice, is not promptly accomplished, 
a whole series of potentially more dangerous consequences develop, 
characterized by destruction of the liver parenchyma, secondary 
degenerative destructive changes in the kidney and anatomic 
changes in other organs which are commonly irreversible forerun- 
ners of a rapid and fatal termination. 

The renal changes are often more marked than those in the liver; 
they often dominate all the other manifestations; and the terminal 
picture is that of “uremic poisoning,” so that the renal picture 
may be taken as a measure of the severity of the entire disease. 
Nevertheless, the apparent rapidity of the terminal stage cannot 
alone be accounted for by the renal damage. Pathologic chanps 
occur and coexist in other important organs which destroy the ability 
of the individual to withstand the damage of the combination of 
primary liver and secondary kidney disease, with or without the 
traumatic insult of any necessary operation. In a generic way these 
include: changes in metabolism, notably obesity, degenerative 
changes in the myocardium and more or less acute closures in the 
coronary vascular circulation; profound disturbances in less acute 
closures in the coronary vascular circulation; profound disturbances 
in the hemopoietic system resembling a blood dyscrasia; and re- 
sultant toxemic disintegrating manifestations in the central nervous 
system. 

Ohci'ity. In the above series of cases, 70% of the women and 
.37 % of the men were definitely obese. The association holds .spe- 
cial relationship and importance to women, possibly because of the 
child-bearing function and consequent metabolic disturbance.? in 
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the lipoid (cholesterol) substances. In any case, jn'actical clinical 
experience teaches the marked decrease in capability of resistance 
to infection, and to any form of operative insult. 

Glycosuria . Glycosuria is an important complicatioii of gall blad- 
der disease in patients above 40 years of age. It is important to 
distinguish the group with associated pancreatic disease and the 
group with the ordinary forms of diabetes. With modern methods 
of treatment, glycosuria does not appear any more an important 
factor in the outcome of surgery for gall bladder disease. ^ 

Cardiac Disease. In preoperative electrocardiographic studies 
evidences of old coronary artery closures and of myocardial infarc- 
tion are rather common. The latter should not be a necessary 
deterrent to surgical intervention, as with good care, the proper form 
of anesthesia and a rapidl>- performed operation, the great majorit\’ 
of the patients do well. 

Cardiovascular collapse on a myocardial basis is a frequent ter- 
minal event. This usually occurs in those cases in which gall 
])ladder disease and mild cholangitis have been present for a long 
time. The cardiac symptoms we have observed have been disturb- 
ances of rhythm with central and peripheral collapse. 

Cardiac di.sease of this type is, generally speaking, a coincidental 
development during the years of elaboration of the entire gall 
bladder-liver-kidney sequence. And although, possibly, at the be- 
ginning, the heart lesion and the biliary tract lesion are indepen- 
dently derived, it is a clinical fact that sooner or later the two 
become interrelated. UniA'ersal experience has taught the lesson 
that any form of surgery, and especially biliary tract surgery, had 
better be practised before this complication appears, because cardiac 
di.sease contributes to and increases the mortality of operation to a 
large extent. 

Acute coronary artery closures are much less commonly seen after 
operation upon these patients. They carry even a greater risk than 
under ordinary conditions. 

The po.ssibility ofi adequate preparation of the cardiac factor so 
that patients can overcome the added trauma of operation is un- 
doubtedly related to the re.serve powers of the individual heart. 
At the present writing this reserve cannot be e.stimated at all accu- 
rately for clinical purposes. Then the question of operative inter- 
ference is a very difficult one to decide, frequently because of the 
impossibility of judging the operative risk. Nevertheless, operative 
intervention is imperative when any jaundice is present, 

Hcmaiologm Complications. The association of chronic liver dis- 
ease, cirrhosis of the liver, and the blood picture of a macrocytic 
anemia is quite well established. In chronic disease of the liver 
there results a failure of storage of the factor necessary for the 
maturation of the red cells. Greene® has ])ointed out that this fac- 
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tor is present in acute j^ellow atrophy. None of our cases presented 
the blood picture of a macroc.ytic anemia, but hypochromic anemias 
were quite common. The unusual blood picture of Case 5 was 
probably not the result of an absence of some hemopoietic element 
from the li^mr, but rather the result of hepatic toxemia. I have had 
other similar experiences. I have observed, also, that many cases 
of hepatic insufficiency presented leukopenia, and 1 case presented 
thrombopenia. Hence depression in, or destruction of, the formed 
elements of the blood stream is probably another manife.station of 
hepatic insufficiency. 

Sympioms R^erable to the Central Nervous System.. There is no 
pathologic evidence of any cerebral changes; but the presence of 
marked cerebral symptoms cannot always be e.xplained on the basis 
of renal failure or the presence of any other abnormality which is 
commonly associated with tliem. 

Relation to the Hepatorenal Syndrome. The association of hepatic 
and renal disease following primary gall bladder disease is only one 
of the many mechanisms of the much discussed “hepatorenal syn- 
drome.” In clinical medical and surgical practice there is wide- 
spread distribution of hepatorenal .symptoms with or without lesions. 
One cannot escape the conclusion that the association of hepatic 
and renal pathologic conditions is necessarilj' frequent, because of 
the extraordinary biologic and functional intimacy of both of these 
extremely important organs. It seems that the two essential ana- 
tomic factors in tliis association do not occur in every case in the 
same intensity and proportion. Once this train of functional and 
anatomic disturbances begins, however, other factors come into play, 
such as fever, shock, autolysis of tissue, anoxemia, anhj'dremia, and 
azotemia, and the primary injury is enormously accentuated. The 
difference in the symptoms, in the suddenness and dramatic effect 
of the terminal clinical manife.stations and in the rapid culmination 
in death seem to have most important relations to these various 
diverse, yet interlocking factors. 

Conclusions. The great danger of withholding adequate treat- 
ment in this group of cases until irre\-ersible changes occur is well 
shown by these indi^’idual clinical e.xperiences. The lesson must 


be thoroughly learneil that energetic treatment is necessar\' as soon 
after the inception of this pathologic proce.ss as is po.ssible, when 
the lesion is limited to the giill bladder and biliary tract environ- 
ment in order to obviate any possibility of the occurrence of any 
of the severe and dangerous manifestations which occur in the 
further biologic development of this disease and in order to eliminate 
the extra hazard which the presence of important cardiac and otiicr 
associated lesions carry. The most important objects to be accom- 
plished by surgery are: 1, the thorough removal of any focus of 
infection; and 2, the thorough removal of any oI)Htniction to the 


unhinilered outflow of bile into the intestine. 
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AGNOGENIC CONGENITAL CLUBBING OF THE FINGERS 

AND TOES. 

By H. B. Thoma.s, M.D., 

CHIEF OF METABOIjIC CLINIC, YOUK HOSPITAL, YORK, PA. 

Clubbing of the fingers and toes has been recognized since the 
time of Hippocrates as a manifestation of certain forms of intra- 
thoracic disease. In 1§89 von Bamberger^ described the general 
thickening and sclerosis of tlie long bones which is frequently 
associated with clubbing. The following year Marie® unaware of 
Bamberger’s work gai-e a full description of this syndrome and 
suggested tlie name “secondary hypertrophic pulmonarj^ osteo- 
arthropathy.” Since that time there have been numerous studies 
and case reports most notably those of Locke^ in 1915 and 1920 in 
whicli the literature was reviewed and brought up to date. There 
has been little information added up to the present time, except 
the term “acropachy” (thick extremity) has been suggested to 
designate the clubbing of the fingers and toes. 

Hypertrophic osteo-arthropathy may be defined as a disease, 
usually secondary, occurring in the course of various chronic con- 
ditions, characterized by a general and symmetrical hypertrophy of 
the distal phalanges with resulting clubbing (acropachy), frequently 
accompanied by enlargement of some of the other bones in the hands 
and feet or by hypertrophy of the bones of the forearm and legs, 
and in the late stage.s, by involvement of tlie joints. Clubbing may 
be present without any bone changes and in some cases well marked 
osteo-arthropathy occurs without the characteristic clubbing. These 
variations have aroused a great deal of controversy whether or not 
these two conditions were related or independent but the evidence 
seems to favor the opinion that the two conditions are identical and 
part of the same disease process. 

Three clinical types of the disease have been described by Stern- 
berg 1, clubbing of the fingers and toes without changes in the 
long bones; 2, a combination of clubbing and painful thickening of 
the long bones, especially in the forearms and legs as described by 
von Bamberger; and, 3, an advanced stage in which there is con- 
spicuous general and painful deformity and the primary disease is 
overshadowed by the severity of the osteo-arthropathy originally 
described by Marie. 
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It is well recognized that the changes in the digits and skeleton 
are nearly ahva3’s secondary to some primarj- disease in the lungs, 
heart, liver or some other part of the body, suppuratii-e pulmonarx' 
disease being most frequently the cause. This secondary form of the 
disease is well recognized but the mechanism of production of the 
changes is not known as j^et. In certain rare instances clubbing of 
the digits with or without bone changes occurs in indiiddiials in 
whom no apparent cause can be found bj' any clinical or laboratory 
methods. Some of these cases are familial and some congenital. 


i 



Fig. I. — Hand showing marked clubbing. 


Witherspoon'^ in 193G reviewed the literature on congenital and 
familial clubbing, finding reports of 14 instances in addition to his 
case. In the congenital or familial t\'pe there is rarel.v progre.ssion 
from clubbing alone to the h.vpcrtrophic osteo-arthropathic type. 
This latter type is quite uncommon as Locke was able to collect only 
5 instances from the literature in 1915; since that time H. 31. 
Thomas, Jr.” has added one following a th^Toidectoin.v, and Hollar 
and Agnor" hai’e reported another in a negro male, aged 21. The 
case reported here is of interest because it portrays an instance m 
which there is clubbing of the digits of unknown cause associated 
with mild periosteal In’pertroph.v and occasional arthritic pain. This 
feature makes classification difficult; it probabl.v represents mild 
or sloAvh' progrc.ssive congenital chronic ostco-arthropathy. 

Case Keport. G. E., colored male, aged 22, was .admitted to the 5ork 
llospital November 10, 1040, and discharged November 27, 1040, This 
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patient’s condition was discovered in a routine health examination for 
the selective service. He has had clublied fingers and toes as long as he can 
remember and has always enjoyed good health. He has never had any 
serious illnesses or operations except a tonsillectomy in 1926 from which 
he had an uneventful recovery. In 1935 he was given a routine tuberculin 
test to which he reacted. A Roentgen ray of the chest was taken at that 
time whicli revealed no lesion. He states that his father has the same con- 
dition but knows definitely that his brother does not; unfortunately, the 
father resides in another state and cannot be reached. Tlie patient is a 
ratlier intelligent negro and I believe his observations may be correct. 
Tliere are no other siljlings. Family history is otherwise irrelevant. His' 
subsequent history is completelj’- normal except occasional pain in each 



Fig.' 2. — Clubbed fingers showing absence of spalulation. 


knee after a iieriod of excessive exertion. During his stay in the hospital 
his temperature, pulse and resphatory rates were normal. Other tlian the 
marked cluliliing of all tlie fingers and toes the physical examination was 
not remarkable. There was a bulbous enlargement of the finger tips and 
toe tips, double curvature of the nails, and a considerable degree of evanosis 
of the nail bed. 


Urine examinations were normal. Hematologic studies were normal 
AHth the exception of a mild degree of anemia, the Hb. being 13 gm and 
the R.B.C. 4.1 million. The blood Kahn text was negative Electro 
cardiographic tracings were normal. The procholon time was 14 sec 
the ether tune 6 sec., and the venous ])ressure was 15 cm. of water " ’ 

_ Roentgen studies of the sinuses and chest were not remarkable Lioiodnl 
injection into the tracheobronchial tree revealed no abnormalities; tlm long 
bones were normal except mild periosteal thickening of each tibia. ^ 
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Etiology. The theories concerning the production of secondary 
clubbing are numerous and exceedingly diverse, ranging from 
capillary hj^peremia, defective oxygenation, circulating toxins, 
certain nervous diseases, syphilis, tuberculosis, avitaminosis to 
amyloid degeneration. No one mechanism is able to explain the 
changes without serious objection. It is not hard to understand 



Fio. 3.— Bones of the leg showing a mild degree of periosteal hypertropliy. 


that the method of production of primary or congenital clubbing is 
even more indefinite and hazy than the secondary form. At tlie 
present time there is no adequate explanation for the production 
of either form. 

The gross appearance of clubbing is easily recognized and needs 
no further description. However, there has been no general agree- 
ment of the microscopic findings in the few cases studied. Campbell’ 
states that there is an edematous condition of the tissues lying 
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between the nail bed and the bone. Freytag^ reported dilatation 
of the capillary loops in the bed with engorgement of the inter- 
papillary processes, but found no alteration in the skin, nerve 
changes or endarteritis obliterans. Therese^^ noted hypertrophy 
of the horny layer, papillse and the connective tissue of the derma. 
Buzzard^ noted an excess of subcutaneous fat, SchirmeF® found a 
tissue resembling embryonic mucoid and Thomas'® reported marked 
dilatation of the venous and marked tortuosity of the arterial 
capillaries of the nail bed. 



Fig. 4.— Bones of the forearm showing a very slight periosteal hypertrophy. 


As the change in simple clubbing of the digits is usually con- 
fined to the soft parts there are no changes in a Roentgen examina- 
tion of the digits in most cases. In a few cases there has been 
definite proliferation of the bone in the distal phalanges and Ragins 
and Freilich® Kayne,® and Witherspoon'^ have reported a definite 
splaying of the distal phalanges in the familial type of clubbing. 
When there are changes of the long bones the hj-pertrophy of the 
bones in the terminal digits is more common. 

Summary. 1. A case is reported of clubbing of the digits of 
unknown etiology— probably congenital and familial. 

2. This instance represents a border-line situation between acro- 
]iachy and chronic osteo-arthropathy. 
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THE STANDARDIZATION OF THE CONGO RED TEST FOR 

AMYLOIDOSIS. 

By Albert T.iran, B.A., 

CHEJTIST, SEA VIEW HOSPITAL, 

AND 

Albert Eckstein, AI.D., 

RESIDENT PHYSICIAN, SEA VIEW HOSPITAL, 

STATEN ISLAND, Y. 

(From the Department of Pathology, Sea View Hospital, Dr. Oscar Anorbneh, 

Director.) 

The Congo red test has been used very extensively during tlie past 
few t'ears to determine the presence of amyloidosis, especially in 
those patients who hat’e been suffering from chronic pulmonary 
tuberculosis. At this hospital 22% of the cases which hai'e come 
to autop.sy revealed amyloidosis. 

The test in the great majority of cases has proved very useful a.s 
a diagnostic procedure, although in many instances we have found 
it to be inadequate. The discrepancies occurred in those cases 
where the blood serum removed 4 minutes after the intravenous 
injection of Congo red was either too light or too dark in color, tliiis 
rendering the .specimen inadequate for use as a standard for colori- 
metric comparison with the blood scrum rcmoi-cd one hour after 
injection. 

An attempt wa.s made to investigate the reasons for sucii dis- 
crcjiancies and to arrive at a standartl and uniform test. 

It was found that in all cases where the greate.st variations in color 
intensity occurred the body weights of the patients were either much 
greater or much less than 100 pounds. The 4-miniite specimens were 
too light in color when the body weights ranged between 140 and 
190 pounds. Conversely, when the body weights ranged between 
40 and 70 pounds, the 4-minute specimens showed a strong color 
intensity. 
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The obvious factor involved then seemed to be the relationship 
between the amount of dye used and the body weight. In most 
institutions 10 cc. of a 1% solution of the dye are given to all 
patients regardless of body weight (according to BennhoId)4 

Keitli, Rowntree and Geraghtj’'/ in determining blood volume 
with vital red, injected 1 cc. of a 1% solution of the dye per 5 kilos 
of body weight. 

Osgood and Haskins,® in giving the method for the Congo red 
test for amyloidosis, quote the procedure of Keitli, Rowntree and 
Geraghty as modified bj'^ Harris,^ for tlie estimation of blood volume. 
They state that one-fourth the body weiglit in kilos of a 1.5% 
solution of Congo red should be injected. This appears to be the 
first attempt at a standardization of the test for amyloidosis, since 
it takes into consideration both the blood volume and the body 
weight. 

We have found at this hospital that the injection of 1 cc. of a 
1% aqueous solution of the dye per 10 pounds of body weight gave 
standard specimens which closely approximated each other in 
color intensity and which could be used for colorimetric determina- 
tions. Any greater amount of dye, when used expressly as a test 
for the presence of amyloidosis, seems superfluous. 

The standardized test given here includes a modification of the 
original Bennhold technique in the treatment of the blood prior 
to colorimetric comparison. This is the acetone extraction procedure 
devised by one of us® to eliminate any hemoglobin which might be 
present due to hemolysis. 

Method. Inject 1 cc. of a 1% aqueous solution of Congo red per 
10 })ounds of Ijod}^ weight intravenously. At the end of exactly 4 minutes, 
and then 1 homy after the injection, obtain blood specimens of 10 cc. eacii 
and place them into clean, dry test tubes. Allow the bloods to clot and 
retract and tlien centrifuge them at a moderate speed for 10 minutes. 
Aspirate off the clear sera and jfface them into graduated centrifuge tulles. 
Add acetone equal to the volume of serum in each tube and sliake them well. 
Centrifuge the tubes for 10 minutes at a moderate speed. Pour off the super- 
natant fluids and place them into micro cups of a colorimeter to be com- 
pared. Set the 4-mimite specimen at 20 mm. and read the 1-hour specimen. 

Calculation; 


100 - 



X 100 


per cent absorption 


l-'or example: The 4-minute specimen is set at 20 mm. in the colorimeter, 
1 lie 1-hour specimen reads 25. Tlierefore the per cent absorption of the 
dye IS 20. 


To prove the advantage of the standard test over the usual tech- 
nique of using 10 ee. of dye for all patients, we performed a series of 
tests using known amyloid and non-aim-loid cases. In one series 
of the non-amyloid group we performed tests with patients whose 
body weights varied greatly, each receiving 10 cc. of dve. As 
shown m Table 1 the 4-mimite specimens varied markedly, the 
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differeuce between them ranging from 15 to 75%. In some instances, 
the 4-minute specimens were practically devoid of dye, making 
comparisons with the 1-hour specimens impossible. These cases 
t\T)ify the results obtained in a large hospital where many Congo 
red tests are performed and where 10 cc. of dye are injected into all 
patients. 

Table 1.— Non-ama-loid Group (50-175 Pounds)— 10 Cc. Dye. 

Comparisons bet^^ccn 
4-min. specimens of dif- 
ferent Congo red tests 





Suitability of 

cijosen at random. 


Body 

% dye .absorption in J lir.. 

■ 4-min. speci- 







weight 

using 4-inin. specimen as 

men as stand- 



% 

Case. 

(pounds). 

standard.* 

ard- 

Cases. 


variation. 

1 

76 

55 

Too dark 

Its. 2 


15 

2 

51.5 

20 

Too dark 

Irs. 3 


45 


153 

50 

Too light 

2rs. 5 


00 

4 

170 

No comparison possible 

Too light 

5 rs. 6 


70 

5 

140 

55 

Too light 

5 rs. 7 


75 

6 

. 59.5 

25 

Too dark 

2rs. 3 


OS 

7 

63 S 

30 

Too dark 

Srs. 10 

«: 

40 

S 

SO 

40 

Too dark 

1 rs. 10 


05 

9 

167. S 

No comparison possible 

Too light 

2 rs. 10 


GO 

10 

147 

60 

Too light 

7 rs. 10 

KT 

55 

11 

64.5 

25 

Too dark 

Ilrs. 14 

ffS 

GO 

12 

51. S 

20 

Too dark 

llrs.l2 


20 

13 

162 

No comparison possible 

Too light 

12 rs. 14 

:= 

55 

14 

142.5 

60 

Too light 

lOrs. n 

ss 

05 

15 

171 

No comparison possible 

Too light 

Sis. 14 

« 

45 

16 

59 

15 

Too dark 

16 rs. 17 

ss 

72 

17 

142 

00 

Too light 

10 rs. 19 

s 

10 

IS 

103 

No comparison possible 

Too light 

17 rs. 19 

ss 

5S 

19 

51 

20 

Too dark 

17rs. 20 

ss 

60 

20 

60 

25 

Too dark 

19 rs. 20 

ss 

20 

21 

152 

70 

Too light 

20rs.21 

ss 

55 

22 

50 

30 

Too dark 

21 rs. 22 

ss 

00 

23 

70 5 

35 

Too dark 

21 rs. 23 


55 

24 

147,5 

63 

Too light 

23rs.24 


70 

25 

155.5 

60 

Too light 

24 rs. 25 


22 


* 4-nim. specimen represents zero absori)tion 


Another group of non-amyloid patients was chosen with nearly the 
same liody weights. Each of these pntients receii'ed 10 cc. of dye. 
In this group all 4-minute specimens were satisfactory as stanrianls 
and no marked deviations in them were found. The 4-ininute 
specimens varied between 2 and 12%. The results of these tests can 
he .seen in Table 2. 

Not only did 4-niimite specimens of patients whose body weights 
were in the vicinity of U)0 pounds check closely, but also t)io.sc of 
patients of grcatl.v varying liody weights, when they were given 
I cc. of dye jicr 10 pounds of body weight. 

A group of amyloid patients was given injections of the dye 
according to the .standard method outlined above. Tlic criteria 
for the presence of amyloidosis in this group consisted of previous 
Congo red tests, which gave results ranging from 5)0 to ]{)0% 
absorption, and clinical manifestations. These latter included en- 
larged, palpable iiv'crs and spleens and varying degrees of albumin- 
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iiria. Id previous Avorks Lipstein and Auerbach'’ and Lipstein^ 
have demonstrated the close correlation betAveen the Congo red 
tests and clinical and postmortem findings. With fcAV exceptions, 
amyloidosis AA^as found to be present in greater or lesser degiee in 
all cases having dye absorptions betAveen 90 and 100%. 


Cilice. 

Table 2.— Non-amyloid Ghoxjp (95-105 Pounds) 

% dye absorp- . , 

tiou in 1 hr.. Suitability of 

iKsing 4-tnin. 4-niiu. speex- 

Body wciplit specimen hs men as stand- 

(pbunds). standard.^- aid. 

—10 Cc. Dye. 
Comparisons between 4- 
miii. specimens of differ- 
ent Congo red tests 
chosen at raiuloiii. 

% vari- 

Cases. jitioji. 

1 

101 

GO 

4+ 

1 VS. 2 

= 8 

2 

95.5 

75 

4+ 

2 VS. 3 

= 10 

■3 

104.8 

50 

3+ 

3t!S. 4 

= 8 

4 

99.5 

40 

4+ 

4 vs. 5 

= 12 

5 

102 

45 

3 + 

1 vs. 5 

= 5 

0 

102.8 

30 

4+ 

5 vs. G 

= 2 

7 

104.5 

40 

3+ 

G»s. 7 

= 0 

S 

98.5 

50 

4+ 

7 vs. 8 

= 9 

9 

100.8 

35 

4+ 

8 vs. 9 

= 3 

10 

95.5 

55 

4 + 

8®s. 10 

= 2 

11 

98 

25 

4 + 

10 DS. 11 

= S 

12 

m.s 

35 

4+ 

11 vs. 12 

= 3 

13 

101,5 

45 

4 + 

12 vs. 13 

== 5 

14 

103 

50 

34" 

13 DS. 14 

= 10 

15 

99.8 

45 

4+ 

14 ®s. 15 

= 10 

10 

98.3 

35 

4 + 

15 vs. 10 

= 10 

17 

101.3 

30 

4+ 

15i>s. 17 

= 6 

18 

104 

35 

4+ 

16 vs. 18 

= 5 

19 

101.5 

45 

4 + 

17 vs. 19 

= 5 

20 

102.3 

55 

4 + 

19 »s. 20 

= 8 

21 

97.3 

60 

4+ 

20 118.21 

= 10 

22 

100.3 

40 

4+ 

21 rs. 22 

= 12 

23 

101.5 

35 

4+ 

221)8.23 

= 10 

24 

104.3 

45 

3 + 

23 vs. 24 

= 10 

25 

102.3 

55 

4+ 

24 vs. 25 

= 8 

4+ = very good 4-nuu. speeiuieii; 3+ = good 4-niia. sijecimeu. 

* I-niin. specimen represents zero absorption. 



In this group, AA'hich consisted of 42 cases, Ave again obtained 
values ranging from 90 to 100% absorption. The absorption in the 
majority of cases aa^rs 100%. No case aa’-rs considered as 100% 
absorption unless the 4-minute specimen shoAA’^ed a good color 
intensity comparable to that obtained in the non-amyloid group. 

The 4-rainute specimens Avere satisfactory as standards Avith the 
e.xception of 11 cases. In each of these cases the 4-minute specimen 
Avas too light in color to be relied upon as a standard even though 
the dye Avas giA'en in proportion to body Aveight. This led us to 
in\-estigatc the 11 cases further in order to obtain a standard test 
Avhich Avould be as free from error as possible in the diagnosis of 
amyloidosis. 

After a period of several months Congo red tests Avere repeated on 
the 11 casp in addition to most of the other amyloid cases (24) and 
on CO additional non-amyloid cases. We adopted the procedure of 
obtaining three blood specimens, namely, 2 minutes, 4 minutes and 
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then 1 hour, after the injection of the dye, which was again given 
according to body weight. The reason for taking the additional 
blood specimen (2-minute) was based on our assumption that in the 
presence of widespread amyloidosis practically^ all of the dye was 
absorbed in less than 4 minutes. 

The results of these experiments attributed to the adoption of our 
final standard test. In all 11 cases, as well as in the other amyloid 
cases, the 4-minute specimens were duplicates of what we had 
obtained previously. The 2-minute specimens, however, showed 
excellent color intensities. This gave us the desired information 
concerning the ^•alidity of the test as a diagnostic aid. Whereas 
pre^•iously these tests were, reported as containing an insufficient 
amount of dym, they were now reported as 90 to 100% absorption 
with the assurance that a jwoper amount of dye was introduced 
into the ^’ein. The differences between the 2-minute and the 
4-minute specimens were marked. In some cases differences of as 
much as 75% were noted. Table 3 serves to illustrate this point. 


Table 3.— Amyloid Gboup— Using Stakdakd Test. 








Comparisons between 2- 






% dye absorption in 

min. and 4-min. specimens 






1 hr., using 2-min. 

on each patient 

CubC. 





speciiucn as standard.* 

(% variation). 

1 





. . 100 

40 

2 





. . 100 

25 

3 





. . 100 

70 

4 





. . 100 

20 

5 





. . 100 

25 

0 





. . 100 

55 

7 





. . 90 

75 

S 





. . 100 

70 

0 





. . 95 

GO 

10 





. . 100 

40 

11 





. . 100 

25 

12 





. . 100 

35 

13 





100 

45 

14 





. . 100 

50 

15 





. . 100 

45 

10 





. . 100 

20 

17 





. . 100 

70 

IS 





. . 100 

75 

19 





. . 100 

55 

20 





. . 100 

25 

21 





. . 300 

50 

22 





, . 100 

50 

23 





. . 100 

45 

24 





. . 95 

45 

25 





. . 100 

40 

20 





. . 100 

45 

27 





. . 100 

65 

2S 





100 

55 

. 29 





. , 100 

45 

30 





. . 100 

50 

31 





. , 100 

GO 

32 





. . 100 

50 

33 





. . 100 

45 

34 





. . 95 

55 

35 





. . 100 

65 

* 2-rain. f> 

pccimPn Tcprcscnlp rero 

absorption. 
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The differences between the 2-ininute and 4-minute specimens in 
the 60 non-amyloid cases were not great. Table 4 shows that the 
greatest single difference in this group was 15%, with a mean 
deviation of 8%. The per cent of dye absorption of these cases was 
still within normal limits, that is, less than 90%. 

The validity of this entire study is borne out by the fact that 21 
of the 42 “amyloid” cases have since come to autopsy and each 
revealed amyloidosis of greater or lesser degree. Also, of the total 
number of non-amyloid cases under .study (110), 20 cases have come 
to autopsy and only one revealed a moderate degree of amyloidosis. 
The Congo red test on this case was performed 4| months prior to 
death and yielded an absorption of 65%. It is entirely probable 
that amyloidosis had developed during this interim. 

We concluded that the 4-minute specimen was inadequate as a 
standard where widespread amyloidosis was present. In its place 
we introduced the 2-minute specimen to ser\^e as a standard for 
colorimetric comparison. In the case of complete -absorption of the 
dye in the 1-hour period the 2-niinute specimen serves as a standard, 
not from the point of view of comparison with the 1-iiour specimen 
(which is devoid of dye), but to demonstrate to the clinician that a 
sufficient amount of dye was originally introduced into the vein. 
Since there were only slight differences between the 2-minute and 
the 4-minute specimens in normal subjects it does not matter ma- 
terially that the 2-minute specimen is made a standard for colori- 
metric comparison. 

Since the standard test described necessitates a larger amount of 
dye than most frequently used, it may be of interest here to mention 
a word about the toxicity of the dye. Richardson and Dillon^ have 
recently studied the toxic effects of intra\’enous injections of 
(’ongo red in animals and have found a high tolerance for the dye 
by cats, rabbits, pigeons and rats. They state that “the highe.st 
tolerated single doses in mgs. per kilo body weight were as follows; 
pigeons, 100; rats, 140; rabbits, 200; cats, 100.” This demonstrates 
tlie wide margin of safety in using the dye intravenously. 

^ Summary and Conclusions. 1 . A standardized method for the 
C ongo red test for amyloidosis is presented. 

2. The dye is admini.stered according to body weight. It was 
found that 1 cc. of a 1 % aqueous solution of the dye per 10 pounds 
ol ])ody weight yielded more accurate te.sts than the fixed amount 
customarily used. 

2. Tests were performed on amyloid and non-amyloid patients, 
using both the usual technique of injecting 10 cc. of dye regardless 
of body weight and the standardized method. 

4. In one non-amyloid group patients were selected whose body 
weights were nearly the same (range between 95 and 105 pounds) 
and in tlie other those whose body weights varied considerabiv 
(range between 50 and 175 pounds). The former group sliowed 
consistently reliable 4-minute specimens, while the latter gave 
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Table 4.--Non-amyloi» Group-Using Staxdaru Test. 
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% dye absorption m min. and 4-mm. specimens 
1 hr., using 2-imn, on each patient 
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* 2-min. fpecimrn rcprpsonf.^ zero .absorption. 



Jan-i'urr t>F ftiKT and meals on ekea cleakance 




4-iiiiuutc ! 5 j)cciiDcns which dihercd i)y as much us /5%. liv some 
cases tlie per cent absorption could not be computed because of 
insufficient dye in the 4-minute specimens. 

5, In the amyloid group 90 to 100% absorption w'as a consistent 
fijiding. This is in so close correlation witli pre\’ious work that such 
results must be obtained to indicate amyloidosis. In all but 11 eases 
the 4-minute specimens contained sufficient dye to be considered as 
appropriate standards. 

0. These 1 1 cases were iin’estigated furtlier along Avith 24 of the 
other amyloid cases and it was found expedient to draAv a 2-minute 
specimen in addition to the 4-minute and 1-hour specimens. A 
group of GO non-amyloid cases AA^as chosen as controls. In all of the 
amyloid cases, the 2-minute .specimens shoAA^ed good color iiitensitA’- 
and tlie differences in color betAA^een them and the 4-minute speci- 
mens were marked (as high as 75%). There AA'ere only slight differ- 
ences in color intensity between the 2-minute and 4-minute specimens 
in tlie non-amyloid group, the highest per cent A'ariation being 15. 

7. The 2-minute specimen aa'us adopted as the colorimetric stand- 
ard in place of the 4-minute specimen. 

8. Since the inception of this study 21 of the 42 amyloid patients 
IniA'e come to autopsy and each rcA^ealed amyloidosis of greater or 
lesser degree. TAA'enty of the non-amyloid patients haA^e come to 
uutop.sy and only one case rcA'ealed a moderate degree of amy- 
loidosis. 

9. The standardized method has improA’ed the accuracy and re- 
liability of the test as a diagnostic aid. 
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precision in borderline cases, however, is impaired by a number of 
factors, aside from the state of the kidneys, which have been reported 
to effect its ^'aIues. The influence of two of these, the previous 
diet, and meals, are the subject of this study. 

In dogs. Shannon, Jolliffe, and Smith’® found the fasting urea 
clearance on a meat diet to be as much as double that on a cracker 
diet. Pitts’® found that a low protein meal had little effect, while 
meat produced a gradual and prolonged rise in clearances, whether 
the dogs had been on a basal or meat diet. Glycine, glycylglycine, 
and alanine had an effect similar to meat. Since the clearances 
were also increased bj' injection of thyroxin or phloridzin, Pitts 
concluded that protein metabolism as such, whether endogenous or 
exogenous, is responsible for the increase in renal function. Because 
the urea/xylose clearance ratio remained quite constant, the effect 
is better explained by an increased renal blood flow rather than by 
any change in the mechanism of urea excretion, ’i'an Slyke, Rhoads, 
Heller, and Alving’® reached the same conclusion, and noted that 
administration of urea gave no change in the clearance. 

In normal man,®'’ the changes are not so great as in the dog, 
clearances on low protein diets being usually about 30% less than 
those on more liberal protein intakes. But the change in clearance 
does not seem to be proportional to the protein intake, for the 
reduction was no greater on a 9- than on a 40-gm. protein diet, 
and ingestion of 280 gm. daily did not raise it above the level found 
on a lOO-gm, diet. 

Because of the probable effect of meals, it is usually customary to 
determine the urea clearance in the fasting state. However, 
iMacKay® showed that an ordinary breakfast had no effect on the 
standard clearance. If the same holds true for maximum clearance 
it would simplify the technique of the test. 

The present experiments aimed to determine whether the urea 
clearance was proportional to the protein intake, or whether there 
was a critical intake at which it increased, and whether this corre- 
sponded with any change in basal metabolic rate or cardiac output. 
In addition, observations have been made of the effect of large and 
.small meals on maximum clearance with Iioth low and high protein 
diets. 

Methods. All determination.s were made in duplicate, Rrine urea 
nitrogen was determined by the manometrie urease method of \’an .''lyke.'- 
\\1tolc i)lood urea nitrogen was estimated i>y the hypobromite metfiod of 
Van Hlyke and Kugel'® or by the aeration and titration method of Cullen 
and Van Sh'ke.'® Because the hypobromite method j-ields only Oo'/f, /'■ 
the urea nitrogen and a variable amount from amino-.acids, neec.'^sitatiiig 
the use of an empirical correction, its reliability for low values seemed 
fjiiestionable. A .‘■erics of detenninations was therefore curried out Ijy hofli 
methods on the .“31110 sample.s. The average diflcrenee in the two method' 
in. bo detenninations on bloods containing 3 to fl mg. urea nitrogen [ler 
100 ec. was 0.30 mg. per 100 cc. There was no systematic differeiice; m 
9 instances the hypoliromite method gave the higher value, in 4 the lower. 
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lu 8 comparisons on bloods containing above 10 mg. urea nitrogen per 100 cc. 
the average difference was 0.23 mg. per 100 cc. On the basis of this com- 
parison, it was decided that the hypobromite method, even in the low range, 
gave results sufficiently accurate for the purpose of this study. The length 
of urine collection periods was usually 1 hour; with high urine flows occa- 
sionally 45 or 30 minutes. Wlien there was any doubt concerning, the 
ability to empty the bladder, the patient was catheterized. Except in 
studying the effect of meals, collections were made at an approximately 
constant diuresis or on a falling curve, and under basal conditions. 

Inulin was determined in plasma and urine by the method of Corcoran 
and Page.'* Cardiac output was estimated from intra-arterial pressure 
curves and pulse wave velocities bj^ BazettV method. Total urine nitrogen 
was determined by micro-Kjeldahl. 

Subject L, age 28, was observed on diets containing 0.8, O.b, 0.0, 
1.2, 1.5, 1.8, 2.4, 2.7 and 3.8 gm. of protein per kilo which furnished 
from 19 to 240 gin. of protein. The total caloric intake was kejrt 
airproxiraately constant. Sufficient time was allowed on each diet 
for the establishment of nitrogen equilibrium, as indicated by total 
urinary nitrogen, before clearances were determined. Four to nine 
maximum clearances, each of | hour, were obtained under basal 
conditions. Blood was drawn at the beginning and end of the col- 
lections, and interpolated values used in the calculations. Estima- 
tions of the basal metabolic rate were made at each level of protein 
intake, of cardiac output on alternate diets, and of inulin clearance 
on the lowest and highest protein intake (see Table 1). 


Tabu: 1.— Ckanqks in Maximum Urea Clearance, . Basau Metabolism, and 
Cardiac Output With Dietary Protein. 

Subject L., age 28, height 163 cm., weight 64 kg. 





Mean 

Mean 




I’jotom. 

Mean fast- 

max, urea 

inulin 

Urinary 


Cardiac 



ing B.U.N., 

clearance. 

clearance. 

nitrogen, 

B.M.R., 

output. 

Om./lcg. 

Totiil. 

mg./lOO cc. 

cc./min. 

cc./min. 

gm./24 hrs. 

%. 

l./min. 

0.3 

19 

4.0 

54.8 

123 

3.6 

-14* 

3.21 

0,6 

3S 

G.l 

03.9 


5.7 

-21 


0.9 

58 

10.5 

61.2 


8.3 

-13 


1.2 

77 

10.1 

63.8 


12.1 

-18 


1.5 

96 

12. G 

71.8 


14.9 

-15 

3. 36 

l.S 

115 

12,9 

68.6 


17.3 

-17 


2,4 

150 

17.1 

75.3 

144 

22.5 

-13 

2.68 

2.7 

ISO 

19.0 

76.5 


27.7 



.3,0 

230 

17.9 

77.0 

, 

35.3 

-18 


* In .spile of the persistently low basal metabolic 

-V.. 1.-1 _ . . « . - . . 

rate, the subject showed no dini 


While there was considerable variation in the individual clear- 
ances, the mean clearance on each diet shows a significant correlation 
with the protein intake. There was no detectable change in basal 
metabolic rate, nor in basal cardiac output. Inulin clearance 
assumed to represent the volume of glomerular filtrate, was some- 
what greater on the higher protein diet. Tlie iirea/inulin clearance 

Sll" "'fn 'S* ol..l..ged, being 0.45 on the low protein 

diet and 0.52 on the high. 
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Cliiirt 1 shows a progressive inerease in mean elearanee from tlic 
lowest protein diet up to one containing about 100 gm. of protein. 
Diets containing more protein did not give any further increase in 
clearance. There is enough variation in the individual clearance 
periods to make the difference in means between on any two adja- 
cent diets not statistically significant, nor is the difference between 
the mean on the 0.(5 and 1.5 gm. per kilo diets significant. The 



Chaht 1. 


0.5 OJb O-V t.x I.S /.% Zl ZH 2-7 3.0 3.3 3.b 

protein.— |ms per Kilo 

-Relation botwocn clictaiy protein and mean fabling maxiniuni urea clear- 
ance in Subject L. 


difference between the mean clearance on tlie 0.0- and on the 1.5-gin. 
diets, 12.99 =*= 3.79 cc. is significant according to Fisher V te.st for t 
as well as the difference between the 0.(5- and 2.4-gin. diets (11. oO ± 
4.04). Taking all the points on the ascending part of the curve 
(0.3 to 2.1 gm.jTxg.) the correlation coefficient Ijetween ])rotein intake 
and mean clearance is 0.8(50. 

Similar, but less complete, studies were made on another sulijcct, 
B, age 1(5, weight 04.4 kilo. On Ji tliet containing 20 gm. protein 
(or 0.3 gin./kilo) his mean basal maximum urea clearance was 
57.33 cc. per minute with a blood urea nitrogen of 5 mg. per 100 cc., 
while on a diet containing 40 gm. protein, or 0.(5 gm. per kilo, lii.s 
blood urea nitrogen rose to 7.5 mg. per 100 cc. and his mean c tar 
ance to 65.82 cc. per minute. The difference, 8.49 =*= 3.38, is sig- 
nificant. In tliis subject, however, tliere was no fucker rise in 
clearances on a diet of 100 gm. or 1 .5 gm. per kilo. Tins, "owm’r. 
is open to question for jdthougli he liad been on the diet for 1- da.' -N 
he was still not in nitrogen eqnililirium. Mean inulm ^caraiice 
rose significiintly from 105 cc. per minute on the low tiiet to 130 cc. 
on the highest, while the nrea.inulin ratio remained tmciiang 
(0..54 and 0.49). As in tlie first subject, there was no increase 
estimated ba.sal metabolic rate or cardiac outjnit. 
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I’liese data raise two questions; what is tlie exidanatioii of the 
increasing clearance with diets from 19 to 100 gm. of protein; and 
why does the clearance not continue to rise witli higher diets? 

The data on dogs are consistent with the belief that the increased 
clearances may be attributed to an increased renal bloodflow. The 
increased inulin clearance in these subjects are consistent with the 
same inter])retation, provided the inulin extraction ratio remained 
constant. But since there was no }neasurable change in cardiac 
output or basal metabolism, the increased renal bloodflow may have 
been brought about by intrarenal vascular adjustments rather than 
by an increase in cardiac output. Some such mechanism is also 
suggested by the dift'erence between the changes in clearance due to 
diet and those due to hyperthyroidism. Two patients with hyper- 
thyroidism were studied before treatment and after recovery from 
thyroidectomy. In Ijoth, basal metabolic rate, cardiac out])ut, and 
inulin and urea clearances fell after operation, but the fraction of 
the cardiac output represented by the inuliii clearance was un- 
changed. The level of blood urea nitrogen in 1 patient was 7,0 mg. 
per 100 cc. before and 4.4 mg. per 100 cc. after operation, in the 
other 14.9 and 12.7. Both patients were receiving a diet contain- 
ing 100 gm, protein when the clearances were determined. That is, 
in hypertliyroidism, the increased renal blood flow and clearances 
apparently are. a reflection of the increased metabolism and .cardiac 
outj)ut, while in normal subjects changes in metabolic rate and 
cardiac output could not be detected with alterations in diet. For 
while in a normal subject protein overfeeding for a number of days 
causes a cumulative increase in the specific dynamic action of pro- 
tein, the effect lasts only so long as the food is being absorbed, and 
does not give an increase in the fasting metabolic rate.^® Since 
these increased clearances were observed under basal conditions, 
they cannot be attributed to increased metabolism from the previous 
day’s protein intake. Nor can the increased clearance on high pro- 
tein diets be attributed to the elevated blood urea nitrogen. Moller, 
hicintosh, and ^ an Slyke,“ and others have shown that raising the 
blood urea nitrogen from the normal range of 10 to 10 mg. per 
100 cc. to two or three times as much by feeding urea had no effect 
on the clearance value. Cope,^ however, pointed out that to obtain 
by urea administration the same blood clianges that are produced 
by low and high protein diets, it would be necessary to administer 
urea to a subject in nitrogen equilibrium on a low protein diet. 
Data of howwether® sugge.sted that under such conditions urea 
Itself niight be re.sponsible for an increase in clearance. Uowe\'er, 
111 Subject B u-hile in nitrogen Iralance on a diet contaiiiing 19 gm! 
i>t protein with a fasting blood urea nitrogen of fi.2 mg. per 100 cc. 
neither the ingestion of 39 gm. of urea, which raised the blood level 
to o0.4, nor of o gm. every 4 hours for 2 days led to an^• increase in 

tile maximum urea clearance. This seems to complete 'the evidence 
against urea. 
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Tlie suggestion of Pitts^® supported b}' the earlier ivork of Addis 
and Drury/ that the effect is due in some way to the amino-acids, 
remains. But the data, give no hint whether this is mediated 
through renal vasodilatation, perchance more marked on the afferent 
glomerular arteriole, or some other means. The constancy of 
the urea/inulin clearance ratio would seem to make anj' change in 
the reabsorption of urea unlikelj'. 

With increasing protein diet, there is an increase in the fasting 
level of blood urea nitrogen (Chart 2). This also is progressive up 



Ch.\ht 2. — Relation between dietary protein and fasting blood urea nitrogen in sub- 
jects in nitrogen equilibrium. Crosses from data of Goldring d, al. 

to about 2.8 gm. of protein per kilo, and then flattens out. This 
diet is also about that at which clearances stop increasing. Pro- 
gressive retention on a high protein diet is prevented by increasing 
24-hour urine volume rather than bt' increase in clearances. When 
allowed water as desired. Subject L (a notorious water drinker) had 
a 24-hour urine volume of 2000 to 2400 cc. on diets below CO gm. 
protein, while it averaged .3920 cc. on a ll-t-gm. diet and over 
4700 cc. on the highest diets. Two other subjects allowed water 
as desired had average urine volumes of 945 and 692 cc. per day 
on a diet containing 20 gm. of protein and 1690 and 1.330 cc. on 
diets containing 100 gm. of protein. Price, Aliller, and Hayman' 
also found consistently higher urine volumes on high protein diets. 
The effect of diuresis on nitrogen elimination, however, is not simple. 
The older literature quoted by Marshall’® indicates an increaseti 
nitrogen elimination with diuresis, but it is well known that a su )- 
ject in nitrogen equilibrium on low or moderately high protein 
diets excretes a constant amount of nitrogen in widely varying 
24-hour volumes. Tlie answer would seem to be in the fraction 
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of the 24 hours in which urine volume is above the augmentation 
limit. With a constant blood urea nitrogen an increase in urine . 
volume to the augmentation limit increases urea excretion. Further 
increase has little or no effect, but an increase in the number of 
hours during which urea is excreted at a maximum rate increases 
the urea eliminated per day. This is born out by the fall in blood 
urea nitrogen during a series of clearances while fasting, in spite of 
the fact that the value of the clearance itself does not change. 

Table 2.— Changes in Fasting Maximum Urea Clearance With Moderate 
Alteration in Protein Intake. 





Mean 

Mean 


Mean 

Mean 


Ht. 

Pvotein, 

, B.U.N., 

clearance, 

Protein, 

B.U.N., 

clearance. 

Subject. 

Wt. 

gm. 

mg./lOO cc. 

cc./min. 

gm. 

mg./lOO cc. 

cc./min. 

D . 

. . 173.5 

56.4 

40 

0.7 

51.4 

100 

14,9 ■ 

60.5 

M . 

. . 180.0 
72.5 

50 

9.9 

71.1 

110 

14.9 

81.3 

Bi-. . 

. . 172.0 

77.0 

50 

9.5 

77.8 

130 

15.7 

80.3 

B . 

. . 171.0 

65.4 

40 

7.9 

05. S 

300 

10.1 

'03.3 

R . 

. . 181.0 
72.7 

20 

4.0 

93.5 

150 

10.2 

111.1 

McC. 

. . 177.5 

61.2 

30 

4.1 

65.0 

150 

13.8 

76.7 


Six additional subjects have also been studied on two diets: in 
4, the low protein diet contained 40 to 50 gm., while in the other 2, 
it was reduced to 20 and 30 gm. The mean blood urea nitrogen and 
clearances of these subjects are shown in Table 2. The first 4 had 
fasting blood urea nitrogens above 6 mg. per 100 cc. on the low 
protein diet, and while the mean clearances on the high diets are 
ele^'ated, in none of the 4 is the difference significant. The other 
2 subjects had fasting blood urea nitrogens of 4 and 4.1 mg. per 
100 cc. on diets of 20 and 30 gm. of protein, and showed a significant 
increase in clearance on ISO-gm. protein diets. It would seem that 
while inan, like the dog, shows a decreased urea clearance on low 
protein^ diets, that this onlj' becomes significant when the protein 
intake is markedly restricted, and that variations in protein intake 
oi ordinary diets, from 40 gm. up, need not be considered in deter- 
mining the urea clearance as a test of kidney function. Cope/ 
however, found that such changes in diet did make a difference in 
tlie standard clearance in nephritic subjects. 

('hart 2 shows the relation between fasting blood urea nitrogen 
and protein intake in our data and that of Goldring, Razinsky, 
Gveeublatt, and Cohen."* In normal subjects tlic fasting blood 
urea nitrogen furnishes a fairly relial)le index of the level of protein 
metabolism over the usual range of diet. Variations in diet are 
probably an important factor in the wide spread usually given for 

use fwrnislicd the woiRhts of his subjects and has allowed ns to 
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the “noriJial” blood urea nitrogen. Since this does not fall below 
. 6 ing. per 100 cc. as a rule until the protein intake is beloK O.G gm. 
per kilo or about 40 gm., the possibility that low maximum clear- 
ances are due to a low protein intake can probably be disregarded 
if the fasting blood urea nitrogen is 6 mg. per 100 cc. or above. 

The effects of meals on maximum clearances in subjects on low 
and high protein diets are shown in Table 3. On each diet, the 
subjects were given meals corresponding to that diet. On a 40-gm. 
diet, B’s mean clearance averages .slightly- higher with meals, hut 
the difference is not significant (P — 0.88. P is the probability 
that a difference between the means as great as or greater than that 
obser\'ed would not be obtained by the operation of chance alone). 
With the higher protein diets both B and L showed a significantly 
higher mean clearance with meals (P = >0.999 and >0.999). 
Other data on 3 indi\’iduals observed throughout the day with 
meals corresponding to 40- and 100-gm. diets also showed increases 
after meals, more marked as would be expected when larger amounts 
of protein were ingested. It was frequently noted that in spite of 
a constant fluid intake the urine volume diminished immediately 
after a meal, so that “ standard ” rather than “ maximum ” clearances 
were obtained. This probably reflects di\'ersion of blood to the 
intestinal tract during the process of dige.stion with consequent 
diminution in renal blood flow. The variability of a series of clear- 
ances Avithout meals, however, is just as great as when the subject 
is fed. The average coefficient of variation for clearances with 
meals was 11.4% and 9.5% fasting. Considering all our data, it 
seems likely that a meal containing 10 gm. or less of protein will not 
significantly aft’ect the maximum urea clearance. 

The effect of larger protein meals on maximum urea clearance 
contrasts with INIacIvay's® findings that meals arc without effect on 
the "standard” clearance. INIacIvay’s conclusion, however, was 
based on variations throughout the clay in 4 subjects who received 
meals, evithout equal periods of observation fa.sting, and on 1 normal 
subject observed from 8 to 10 a.m. on 3 days with and 3 days with- 
out breakfast. Xo data are given on the amount of protein taken 
by this subject. 

d’able 4 shows the effect of a single large protein meal (1 14 and 
109 gni.) on the c-learanecs when the subject had been on low and 
high jirotein diets. On the low diet, there is little elmiige for () hours 
and then a sudden sharp rise during the last two periods of observa- 
tion. 'riu* c-learances rennained low while tin* blood urea nitrogen 
was rising, and did not rise until after it had begun to fall. On the 
higher dic't, there was an immediate and progressive rise for a period 
of 0 hours. I luring ail this time, the blood urea nitrogen was rising. 
3'he.se increases in clearance's may ))robai)ly I)e attrii)uted to tlie 
specific dynamic action of the protein and the accompanying in- 
crease in metabolic rate and cardiac output, so that the incrc'a.H' is 
similar to that found in hyperthyroidism rather than to the change 
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weight 05.4 kg., 200 cc. HsO per hour. 


'J'ablb 3.— The Effect of 
.Subject B, height 171 cm.. 


40 gm. diet fasting. 


Time. 

Urine 

vol., 

ce./min, 

Blood 
urea N, 
nig./lOO cc. 

Clear- 

ance, 

cc./min. 

7 ■.29 




8:28 

G.Cl 

7.9 

66.7 

9:20 

1.90 

7,8 

*67.9 

9:51 

5.30 

7.7 

61.7 

10:2(5 

8.92 

7.(5 

67.2 

11:11 

5.1(5 

7.5 

62.0 

11:54 

4.33 

7.4 

67.3 

12:30 

3.78 

7.3 

68.5 

1:10 

4.60 

7.2 

64.5 

1:40 

8.77 

7.1 

07.9 

Mean : 


65.82 <r 

= 2.62 


40 gm. diet Avith meals; 13 gm. protein at 
8 A.M., 12, 5 P.M. 
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Urine 

Blood 

Clear- 


A’oh, 

urea N, 

ance, 

ec./min. 

'rime. 

7:31 

ce./min. 

mg./lOO eo. 

8:30 

3,60 

7.2 

62,1 

9:28 

8.72 

7,2 

78.4 

10:25 

9.36 

7.2 

78. 1 

11:30 

5.57 

7.2 

1)8.0 

12:30 

2.47 

7.2 

07.3 

1:30 

5.90 

7.2 

71.6 

2:20 

6.23 

7.2 

72.3 

3:30 

3,. 56 

7.2 

62.7 

4:28 

6,98 

7.2 

67.4 

5:21 

3,13 

7.3 

57,0 

6:27 

1.88 

7.3 

*48,0 

7:29 

4,52 

7,3 

106.6 

8:30 

4.51 

7.3 

71.30 tr 

64,6 

= 12.73 


* Slundard clearance, not included in averages. 


100 gm. diet with meals; 30 gm. protein at 
100 gm. diet fasting. S a.m., 30 at 11:45 a.m., 40 at 5 i‘.j(. 


8:30 




7:30 




9:01 

9.02 

10.1 

72.8 

8:32 

0.34 

9.G 

78.0 

9:30 

10.57 

10.1 

64.8 

9:27 

7,78 

9.9 

81,4 

10:01 

7.39 

10.1 

01.2 

10:30 

3.49 

10.1 

81,3 

10:30 

7.83 

10.1 

09.0 

11:33 

4.13 

10.4 

77.1 

11:00 

6.80 

9.9 

61.3 

12:48 

1.43 

10.5 

*63.2 

11:30 

0,14 

9.8 

52.5 

1:30 

0.62 

10.5 

82.0 

12:00 

5.67 

9.G 

58. 3 

2:30 

2.30 

10.0 

82.7 

12:30 

4.07 

9.5 

54.0 

3:15 

3.02 

10,0 

80.3 

1:00 

4,77 

9.3 

70.7 

4:00 

4.22 

11.2 

82.8 





4:45 

2.47 

11,8 

68.4 





5:30 

3.02 

12.5 

81.8 





6:15 

3.38 

13.1 

69.2 





7:00 

3.07 

13.7 

81.0 

Mean : 


G3.28 <r 

= 8.200 



78.73 cr 

= 4.098 


* Standard clearance, not included in averages. 


Subject L., height 1G3 cm., weight 04 kg., 300 cc. H-jO per hour. 

75 gm. diet Avith meals; 20 gm. protein at 
75 gm. diet fasting. S;20 a.m.,' 22 at 12, 33 at 5 p.ai. 


8:10 




0:55 




8:42 

5,28 

9.5 

59.4 

7:27 

8 04 

11.0 

09.6 

9:09 

7,59 

9.5 

09.0 

7:53 

9.31 

11,0 

00.9 

9:30 

7.G4 

9.5 

62.5 

8:20 

lost 


10:00 

6,87 

9.5 

03. 0 

8:40 

9.34 

11.0 

73 . 0 

10:35 

7.80 

9.5 

68,0 

9:15 

10.17 

11.0 

80.0 

1 1 :00 

0.40 

9.5 

59.7 

9:45 

10, (>6 

11.0 

78.9 

1 1 :H9 

7,30 

9.5 

66.0 

10:15 

7.40 

11. 0 

78.2 

11:58 

7.80 

9.5 

71.4 

10:45 

9.50 

11.0 

83,8 

12:28 

5. SO 

9.5 

61.7 

11:15 

8.23 

11.0 

78.2 





11:45 

7,50 

11.0 

73.2 





12:28 

7.30 

11.0 

72.4 





1:00 

2.13 

11.0 

02,6 





1:30 

3.17 

11.0 

82.0 





2:00 

9.40 

.11.0 

89.9 





2:30 

9.91 

11. 0 

86.4 





3:00 

8,14 

11.0 

78.8 

.Vvorago: 


04.52 a 

= 4.29 



77.30 (T 

= G.91 


( 261 ) 
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in basal clearances found on low and high diets. The lag in clear- 
ance increase on the low protein diet is more consistent with Lusk’s* 
finding that after a low protein diet the specific dynamic action of 
proteins i.s disturbed, than with the findings of Strang and McChi- 
gagf’ that the specific dynamic action is unaffected as long as the 
subject is in nitrogen equilibrium. This subject was in nitrogen 
equilibrium on both occasions. 

Table 4.— Effect of a Single High Protein Meal 'Ui-on Clearances in 

Subject L, 


Ptevioiis diet = 19 gm. From 9:30-10:00 Previous diet = 120 gm. From 9:00-10:00 

(meai containing 1 14 gm. proteinj. (meal containing 108 gm. protein). 



Urine 


Clear- 


Urine 


Clear- 


vol., 

ce./min. 

B.U.N.. 

ance. 


vol.. 

B.U.K., 

nnee, 

Time. 

mg./lOO cc. 

cc. 

Time. 

cc./min. mg./lOO cc. 

cc. 

8 : 00 - 8:34 

8.51 

5.38 

03. Z 

7 : 00 - 8:00 

8.21 

12.14 

00.3 

8 : 30 - 9:04 

9.08 

5.35 

08.4 

8:00- 9:00 

11.58 

12.28 

79.9 

9:00- 9:33 

10.71 

5.32 

35.2 

9:00-10:00 

4.68 

12.22 

7‘> 2 

9:30-10:30 

3.98 

0.08 

•*>0.0 

10:00-11:00 

3.15 

12.53 

7^2 

10:30-1 1;30 

4.60 

7.17 

72.1 

11:00-12:00 

3.48 

13.79 

88.7 

n;30-]2;30 

4.10 

12.10 

51.0 

12:00- 1:00 

5.38 

14.92 

90.1 

12:30- 1:30 

3.92 

17.14 

42.2 

1:00- 2:00 

4.55 

10.. 58 

95.8 

1:30- 2:30 

4.20 

18.34 

.54.0 

2:00- 3:00 

9,. 54 

17.95 

102,8 

2:30- 3:30 

7.03 

19.54 

46.5 

3:00- 4:00 

9.25 

18.75 

99.0 

3:30- 4:30 

5.70 

10.09 

08,3 

4:00- 5:00 

8.82 

10.20 

103. 1 

4:30- 5:30 

10.17 

12.04 

100.0 

5:00- 0:00 

11.74 

19.39 

102.8 


Summary. In a normal subject in nitrogen equilibrium there is 
a progressive increase in maximum urea clearance when dietary 
protein is increased from 0.3 to 2.4 gm. per kilo but no further 
increase in clearance with greater protein intake. This was not 
accompanied by detectable change in basal metabolic rate or cardiac 
output. The urea/inulin clearance ratio was not changed. 

Fasting blood urea nitrogen also increases progressively with the 
dietary protein up to about the same level of protein intake, and is 
not further increased by higher protein diets. 

The increased clearance on high protein diet is not due to the ele- 
vated blood urea nitrogen. It is sugge.sted that it may be brought 
about by increased renal blood flow due to intrarenal vascular ad- 
justments mediated through the higher concentration of amino-acids 
on high protein diets. 

Progressive increase in blood urea nitrogen on high protein diets 
is apparently prevented by increased urine output, giving maximum 
clearances for a greater part of the 24 houns. 

The effect of meals on maximum urea clearance varies with the 
amount of protein ingested and with the previous lei'el of nitrogen 
intake. While the mean clearance on a da%- when meals are eaten 
i.s higher than when fasting, the variability is just as great and tin- 
difference not .sufficient to require that clearances be determined 
fasting for routine work. 

For the greatest precision, liowever, maximum urea clearances 
should be determined with the .subject fasting, and cognizance taken 
of the previous diet. Since, however, there is little change in 
clearance with diets of 40 gm. protein and above, if the fasting 
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blood urea nitrogen is above 6 ing. per 100 cc. it can be^ assumed 
that the previous diet has contained enough protein to give maxi- 
mum clearances. 
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BRONCHOPNEUMONIA OF UNKNOWN ETIOLOGY IN A GIRLS’ 

• SCHOOL.* 

By Worth B. Daniels, M.D., 

cniNiCAD rnoFEsson of medicine, Georgetown university medic.\e schooi., 

WASHINGTON, D. C. 

(From the Medical Service of the Emergency Hospital.) 

During a 6 weeks’ period from November 25, 1940, to January 7, 
1941, 13 cases of pneumonia occurred in a girls’ school in northern 
Virginia. The school consists of approximately 90 girls, giving a 
case incidence of 14.4%. 

Ejndemiology. The school is situated at some distance from any 
town with but little contact with people from the outside. However, 
on November 14 the entire student body went to a church fair in 
a nearby village; and on November 20, Thanksgiving Day, a general 
homecoming for aliuiinte and friends was held at the school. At 
this time more than 500 people came to the school and in the after- 
noon groups of 12 to 15 girls I'isited various houses in the neighbor- 
hood. The girls range from 13 to 18 years of age. Tliey live in 
four separate houses according to their class in school. The fourth 
year students li^•e and eat in a house of their own, | mile from the 
main school. In this group, no person was affected. In addition 
to the student body, there are about SO members of the faculty 
and service force, none of whom contracted the disease. The local 
physicians in this area met with no similar cases in their practices 
outside the school. The girls in the tliree lower classes eat in a 

* Read before the Medical Society of the District of Columbia, April 16, 1941, 
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common dining room but tliere are no permanent seating arrange- 
ments. In study hall and assembly girls of all four classes come 
together. All the students sleep on sleeping porches, 2 to 7 on a 
porch. On one porch with 7 girls, 4 of them contracted the disease. 
There is only 1 instance of room-mates affected. Four cases occurred 
in girls using the same bathrooms. The cases developed in the 
following sequence: Xovember 25, 2 cases; Xo\-ember 27, 1 case; 
Xovember 29, 1 case; December 2, 2 cases; thereafter 1 case on 
December 4, 8, 9, 12, 18, 21, and January 7. None of the physicians 
or nurses attending these patients developed the disease. The 
grandmother of Case 7, who 'idsited the patient in the hospital, 
dei'eloped pneumonia 1 1 dai's later. She was said to liai'e pneu- 
mococcus Type Xn’ lobar pneumonia with leukoci-tosis and re- 
covered rapidly after treatment with sulfathiazol, begun on the fifth 
day of this illness. The room-mate of Case 1 1 dei-eloped pneumonia 
in Colorado Springs during the Christmas holidays. Her physician 
has answered none of my letters of inquiry. The school understood 
that the ph,^•sician called this a pneumococcus pneumonia. We can 
draw no definite conclusions about the incubation period. ITow- 
e^■er, the sequence in which new cases dei-eloped suggested that it 
might range between 7 and 22 days. In the first year house casc.s 
occurred on the 19th, 20th and 22d days after Case 1 bedame 
ill. Case 12 became ill 20 days after leaving school for Christmas. 
IVhile at home she had no contact with any person from the school. 
In the other two houses cases developed from 2 to 19 days after the 
original case occurred. Xneeland and Smetana® thought that the 
incubation period of their cases was between 2 and 3 weeks. Long- 
cope's"® cases seem to indicate a similar period of incubation. It 
seems apparent that this outbreak was due to person to person 
contact. 

CVmiml Pirivrr. The onset in this group of cases was, as a rule, 
abrupt. Headache was the presenting symptom in 19 of the 
13 cases, .Sore throat was complained of in 1 1 instances, but within 
48 hours after onset this symptom cleared. .Shortly after omset ?n 
all instances a characteristic, harsh, non-productive cough developed 
which was frequently paroxy.smal. Change in position and ex- 
amination of the chest produced paroxx'sms of coughing. Three pa- 
tients complained of chilliness and 1 had an actual shaking chill. 
.Substcrnal tightness and chest soreness were present in a few case.s 
but actual chest pain was conspicuously absent. Fever occurred 
early in most cases, mounting to its maximum level of 100° I', to 
105° F. after a few days. It was swinging in type, generally highest 
in the afternoon. In 1 case fe\ er abo\'e 99° F. was present for onI\ 

1 riay. The longest febrile period was 14 days, average about 8 days. 
'I'lic illness in these girls was definitely mild, e.xcept in 1 case where 
significant cyanosis and signs of toxicity occurred. This cast’, in 
its severity, would fall into Group II of Loiigcope’s cia.ssificatioii. 
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'i’here was a complete absence of influenza-like symptoms preceding 
and during the disease. _ . _ 

At the onset, physical examination revealed no abnormality in the 
majority of instances, though occasionally there was a slight injec- 
tion of the pharynx. The pulse and respiration were, as a rule, 
only slightly elevated. Abnormal signs in the chest appeared any- 
where from" the third to the tenth day of the illness. At first these 
consisted of a few localized subcrepitant rales, most frequently . 
heard in one or the other interscapular region without change of 
percussion note or breath sounds. Gradually impairment of per- 
cussion note developed, associated rvith suppression of breath sounds 
ami an increase in large moi.st rales. The signs in the majority of 
instances slowly involved the major ])art of the affected lobe, though 
some cases showed no increase in the original signs. In only 3 pa- 
tients did bronchial breathing develop. Restriction of movement 
of the involved chest on inspiration was striking in 3 individuals 
whose other lung signs were minimal. As the disease terminated, 
diffuse moisture often de\Tloped o\'er the entire lobe and in several 
instances rales were numerous over the entire affected side of the 
cliest. Clearing of physical signs, particularly dullness, was rapid, 
though a few rttles were still audible in all cases on discharge. 

Laboratory Findings. Blood cultures ryere done in 7 cases and 
none shoAved any growth. Lack of sputum was striking and made 
examination possible in only 4 cases. Pneumococcus Type XIX 
was found in 1 case and Type VI in another. However, Micro, 
ratarrhalis and Staph, alhvs and anreiis and Strep, viridans were the 
predominant organisms. Blood jnefnre: All cases shou'ed leuko- 
penia or normal counts. The differential counts were normal except 
in 2 instances in Aviiich there was a moderate lymphocytosis. Tlie 
leukocyte count was done at frequent intervals but leukocytosis did 
not occur toward the termination of the di, sea.se as reported by 
Longcope'® and Murray.*-’’ 

Roentgen Ray Jivamination. Roentgen ray films made early in 
the disease may show only alight infiltration in the region of the 
hilus associated with accentuation of the bronchial markings ex- 
tending into one of the lobes. Gradually a definite soft infiltration 
ol the lung parenchyma develops. This as a rule does not involve 
the entire lobe nor does it develop the density ordinarily seen in true 
lobar pneumonia. Sometimes this infiltration iuAmlves a ivedge 
leading to the periphery. In 4 of our cases Roentgen ray films 
•showed a spread to another lobe prior to the development of physical 
signs. Tins spread was usually not accompanied by increase in 
severity of the illness. Clearing of the infiltration took place rapidly 
after the disappearance of fever .so that little or no residual shadow 
was left in the film. 

Cow 2 )? icatmis. During eon vale.scence 1 patient developed nausea 
and vomiting with pain in the right lower quadrant simulating 
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acute appendicitis but disappearing m 36 hours. No nervous sys- 
tem symptoms as described by Reimann*^ occurred in this group. 

Treatment. Four cases were treated -n-ith sulfathiazol without 
beneficial effect, so the drug was discontinued. In the other cases 
treatment was purely symptomatic. 

Prognosis. Convalescence in this group was extremely rapid. 
There were no deaths. 

Case Reports. Table 1 summarizes the significant findings in the 
13 cases. None of these patients had heart disease or an\' other 
chronic illness. The past histories in all these young girls was of 
no importance in their illness. None had suffered with any disea.se 
aside Rom the simpler illnesses of childhood. Case 1 is reported in 
detail to give a clear picture of the disease; the other cases are 
reported in brief. 
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C.Asn 1.— !M. L. S., aged 14, became ill with headache, nasal congestion 
and sore throat associated nith fever of 100°. The following da}- an un- 
productive cough developed but the sore throat cleared. t^Tiile in the 
school infirmarj’, she ran a s\nnging temperature ranging from 99° to 103° 
(Fig. 1). On admission to the hospital on the eighth day of the illness 
her temperature was 101 °, pulse 120, respirations 3G. The patient appeared 
acutely ill and coughed persistent^ in a queer diy, metallic way. An)’ 
change of position initiate cough and chest e.xamination produced inarkwi 
paroxj’sms. There was moderate cyanosis of the lips and nail beds. Tliorc 
was a* striking lag of the left upper chest on inspiration a.ssociatcd with 
moderate dullness and numerous mott, bubbling r;de.s in this region. 
There was slight nasal congc.=tion. No sputum could be obtained for 
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A lloentgen vay film on the eiglitli day showed “an area of 
t'ration on the left side between the level of the second and fourth ribs 
anteriorly (Fig. 2) . Sulfathiazol was given in dosage adequate to produce 
a blood level of 5 ing. per 100 cc. On the eighth day of the illness, pneu- 
mococcus Type VI was obtained from a mouse which had been injected 



with sputum intraperitoneally. Culture also showed Micro. catarrhalis aiaA 
Staph, albxis. On the tenth day of the illness the patient was definitely 
worse and the temperature rose to 103°. At this time impairment of per- 
cussion with scattered subcrepitant rales was noted over the left lower lobe 
posteriorly and distant bronchial breathing had developed over the left 
upper lobe. A Roentgen ray film showed an extension of the infiltration 



m tlie left upper lobe and the development of an inflammatory process in 
the left ower lobe (Fig. 3). After 3 days of sulfathiazol, the drug was 
stopped because it had been ineffectual and because on this day 2 other 
students from the school came under my care with the same illness This 
made me feel that “Pneumonia-X” was the cause of the patient’s illness 
Improvement gradually occurred and the temperature reached normal on 
the fomteent i day of the illness. At this time pneumococcus Tyde VI 
was again cultured from the sputum, Roentgen ray examination on the 
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eighteenth day showed jwactically complete clearing (Fig. 4). ^loist rales 
Avere still present over the entire left chest. There were, too, numerous 
sibilant and sonorous rales over the right chest. (Convalescence w.i.s 
uneventful. 



Flo. 3. — Case 1. Roentgen ray film of chest on tenth day of illness. 

Case 2.— (Courtes}' of Ur. ^Montgomerj' Blair.) ^I. M., aged 15, 
developed headache, sore throat and fever shortly followed by persistent 
drj' cough, often paroxysmal. On the tenth day rales were heard at both 
bases and a Roentgen ray showed a fairl}' extensive pneumonic infiltration 
involving the right lower lobe, with mild peribroncliial infiltration on the 



I’uj. *1. — Ca<c' 1. HocMitjJcn niy film of clirst on eiiihtccjiUi ili»y of iIIik*'-. 

left (Fig. 5). Her illness was mild and by the seventeenth day the chc.'t 
examination and Roentgen ray films showed no abnonnality. 

Case 3.— (Courtesy of Dr. .John Minor.) H. S., aged 17, became sud- 
dcnlv ill with headache, chilline.5.s and fever. Dry cough developed on the 
second day. On the fourth day .slight dullness and brdnchial breathing 
were found over the right base posteriorly and later numerous moist ralc- 
wcrc iicard. Roentgen ray .=howc(l n. dilTu.se opacity over the right lotver 
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lobe (Fig- 6), but by the fourteenth day verj’’ little infiltration ivas noted in 
the film. Tliis patient ^Yas the room-mate of Case G and slept on the poi’ch 
with Cases 6, 9 and 10. She used the same bathroom with Cases b and lU. 



Fig. 5.— Case 2. Roentgen ray film of chest on tenth day of illness. 


Case 4.— (Courtesy of Dr. Homer A. Spitler.) W. M., aged 16, developed 
headache with mild fever, and on the following day, sore throat and dr}'’, 
metallic cough. Late in the disease moist rales were noted over one base 
posteriorly. No Roentgen ray was made. Her illness was mild so that 
she was not admitted to the hospital. 



Fig. tt.— Case 3. Roentgen ray film of chest on fourth day of illness, 

C.YSB 5.--C. D., aged 16, began with headache, malaise and cough 
lersistent dry, metallic cough with very mild fever continued. Rlien 
first seen on the eleventh day of the disease there was dullne=s distant 
breath sounds and moist rules at the right base posteriorlv. During" con- 
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valescence she developed rigiit lower quadrant pain and tenderness with 
nausea and vomiting. This cleared in 3C hours. Roentgen raj' at this 
time .sliowed mild peribronchial infiltration on both sides. ' • 



Case 6.— V. J., aged 16, became suddenly ill vith headache, malaise, 
sore throat, cough and fever. Her cough was persistent, di^' and metallic. 
On the fifth day limitation of motion, dullness and moist rdles_ developed 
oA’er the left lower lobe. Roentgen ra}’’ films showed a slight infiltration 
in the mid-portion of the left chest (Fig. 7). This had completel}' cleared 



Fig. S. 7. RocnlRcn ray film of client on Hevcrilh day of illnc?.-. 

in films taken on the twelfth day of the illne.=s. This patient vas the 

room-mate of Case 3, slept on the porch with Cases 3, 9, and 10, 

the same bathroom with Cases 3 and 10. Her grandmother de^ciope^ 
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rales developed at the extreme right base, gradual^ spreading over the 
entire lobe. The film showed a soft infiltration throughout this area 
(Fig. 9) but liy the tenth day this had largely cleared. 

Case 9.— M. C., aged 17, became ill insidiously with malaise and sore 
throat. On the third da 5 ', drj'^, non-productive cough and fever had der-el- 
oped. By the fifth da}- there YY-as a marked lag of the left upper chest on 
inspiration associated Yvith faint impairment but no rales. Later bronchial 
breathing developed in this area and the pneumonia spread to the right 
lung as indicated by rales in the right interscapular region. A film on tlie 
elcY^enth dai"- shoYved a rather dense infiltration in the left upper lobe Yvith 
faint infiltration in the right loYY'er lobe (Fig. 10), This patient slept on 
the porch Yvith Cases 3, 6 and 10. 

C-YSE 10,— E. V., aged 15, gradual^ dcY^eloped hoarseness and drj" cougli 
YY'ithout feY'er. On the third da}' fever of 101° occurred but thereafter 
ncY-er rose above 99°. There YY-ere no chest signs until the fourth day 
Yvhen a ferv rales dcY^eloped in the right interscapular region. At tliis time 
a Roentgen ra}^ film shoYY’cd a slight infiltration in the mid-portion of the 
right chest (Fig. 11). On the ninth day this had cleared markedly, but 
sibilant rales Y\-ere still heard over the entire right chest. 



Fiii. n.~'Ca«c 10. Rocntcon ray film of chc-st on fourth (Lay of inner's. 

C.YSE 11.— (Courtesy of Dr. John Diven.) A. H., aged 14, deY'eloiwd 
feY-er Yi ith no other syinptoin.s on arriY'ing home for the Christmas holid.a.y.s. 
She later developed a dry non-prodiictiY'e cough Yvith impairment oY'er the 
left and then tlie right loYver Iohe.s, as.«ociated Yvith suppre-s.sed breath sound.-- 
and a few .scattered rales. A Roentgen ray film on the fiftli day .shoYved an 
infiltration invoUnug portions of both lower lobes (Fig. 12). By the 
tliirteentii day thi.s liad almost cle.arcd. Her room-mate dcY’elopM pneu- 
monia of unknown character while aYY-ay from the .«chooI at Christmas. 

Case 12.— J. B., aged 14, deY’eloped coryza, hoaiveness, cough and slight 
fever on the day slie returned to school after the Chri-^tinns hoJidHy.s. 
TwentY' d.iY's had elapsed .‘;ince .she had been in contact with any girl from 
the scbool. Her cough Yvas inildK' productiY-e and tliere Yva.s nausea, Y-omit- 
ing and insomni.-i. On the tenth d-ay rides developer) in the right inter- 
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scapular region with the gradual development of moderate dullness, sup- 
pression and rales over the right lower lobe. Roeiitgen ray on the seventh 
day showed mild peribronchial infiltration extending into the right lower 
lobe, and by the ninth day, there was slight but definite infiltration there. 



Fi<i. 12. --Case 11. Roentjien r.ay film of chest on sixth flay of illness. 

Cask 13,— (Courte.sy of ]i)r. Walter F. Davey.) J. C., aged 15, had a 
gradual onset nith malaise, general aching and fever while away from school 
for the Christmas holidays. Persistent drj', hacking cough began and later 
became productive of mucojiurulent sputum. Late in the di.-^ea.^e a few 
vales boeanic audible at the bases. 



lS.- -Cfi.=e 12. Roentpen ray film of chest on ninth day of illness. 

Discussion, 'fliis group of oasc.s is strikingly similar to tlio.se re- 
ported by Bowen,^ Gallagher,' Allen,' and other.s.® " i2.i(;,i7 
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case incidence in a brief period is greater in this outbreak than in 
any we have seen previously reported. This epidemic differs from 
that described by Reimann and Havenses ^nd others in that the 
patients did not show evidence of a grippe-like infection prior to 
the onset of lung involvement. During the period when these cases 
occurred the school was notably free of common colds and other 
upper respiratory infections. 

The diagnosis of isolated cases of this disease may be extremely 
difhcult when there is no epidemic. It might be well to repeat here 
the features that differentiate this entity from true lobar pneumonia. 
1, The onset is usually mild without chill or chest pain. 2, The 
cough is dry, metallic, non-productive and often paroxysmal. It is 
so characteristic that after hearing it in the first few patients one 
could almost make a diagnosis in the later cases from the nature of 
the cough. 3, If sputum can be obtained it is not rusty and does 
.not consistentlj'’ contain pneumococci. 4, Leukocytosis with pol.v- 
morphonuclear increase is absent, o. Herpes does not occur. G, 
The illness is usually mild and not accompanied by toxemia. 7, The 
fei’er is swinging in character. 8, There is a paucit3'’ of chest find- 
ings and rarelj’’ evidence of complete lobar solidification. 9, The 
areas of infiltration shown in the roentgenograms are less dense and 
do not as a rule involve the entire lobe. The films, however, show 
more involvement than phj'sical examination would lead one to 
expect. 10, This disease is more apt to occur in mid-winter than in 
late winter and spring. 11, It is definitelj' more communicable. 
1 2, Chemotherapeusis is of no value. 

It was suggested by Bock- in 1938 that the great majority of these 
cases represented virus pneumonia. Reimann’-' obtained a filter- 
able virus from the blood of 1 patient and from the nasopharyngeal 
washings of another. A lung inflammation in experimental animals 
was produced with this agent. However, after several passages, 
the virus was lost. In 1940, during an outbreak of this disease at 
the National Institute of Ilealtli in Washington, D. C., Dyer and 
Topping" isolated a rickettsia from the blood and nasopharvngcal 
washings of 3 patients. This thej"^ identified as the same rickettsia 
isolated l\v Burnett^ in 19.37 in “Q” fever. Weir and Horsfall’* 
recently reported the isolation of a virus from the throat washings 
of cases of this type. This virus when inoculated into the mongoose 
produces puhnonar.v consolidation. It was not pathogenic for 
various other animals. The serum of human beings who had recov- 
ered from this disease was capable of protecting the mongoo.se 
against infection with this virus. 

Dj’er and Topping inoculated mice, guinea pigs and the chorio- 
allantoic membrane of hen’s eggs with blood and pharyngeal wash- 
ings from 6 of our cases. No rickettsia or virus was isolated. They 
liad the misfortune of having secondarj- infections in both their 
inoculated and control animals. For this reason we do not feel 
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that this is a valid negative. The materials were ol^taiiied from only 

3 patients early in the disease. __ 

Table 2 summarizes the primary inoculations from our G patients 
to various animals. In any case Avhere a primarily inoculated ani- 
mal showed any abnormality whatsoever material ^yas taken fi-om 
him and passed through serial passages into other animals including 
the chick embryo. 

Table 2.— Hesults of Animal Inoculations From G Cases. 


Guinea pif!?. Mice. 

Number used. Number used, 

Case Dayot material and route material and route 

No. illness. of inoculation. of inoculation. Chick embryos. 

1 10th 2:Blood:I.P. 2;Blood:l.P. 

2: Saline gargle: I.N. 

G 5th 2:Blood:I.P. 2:Blood;LP. 

2:SaUne gargle;l,N. 

7 ,Gth 2: Saline gargle: I.P. 

2: Saline gargle: I.N. 

S 2d 2:Blood:I.P. 2:Blood:I.P. Yes; blood and 

2: Saline gargle: I.N. Balinc gargle. 

9 2d 2:B!ood:I.P. 2:Blood:I.P. Yes, blood and 

2: Saline gargle: I.N. saline gargle. 

10 3d 2:Blood:I.P. 2:Biood:I.P. 

. ' 2:Scrum:I.C. 


A variety of names has been applied to this clinical entity: “Acute 
Influenza Pneumonitis” (Bowen^) ; “Type A Virus Pneumonia” (Rei- 
inanid'*); “Acute Interstitial Pneumonia” (Smiley^’); “Focal Dis- 
seminated Pneumonia” (Scadding'®) ; “Atypical Bronchopneu- 
monia” (Murray'®); “Atypical Pneumonia” (Cass®); “Broncho- 
Pneumonia, Variety X” (Longcope'®). ITe term pneumonia has 
always meant inflammation in the lung regardless of etiology. 
Tliere seems, therefore, no reason to speak of these cases as pneu- 
monitis. It would seem wise at this time to follow Longcope’s 
lead and speak of this disease as bronchopneumonia of unknown 
etiology, Variety X, until the causative agent is established bejmnd 
question. 

Summary. An outbreak of bronchopneumonia in a girls’ school 
occurred between XWember 25, 1940, and January 7, 1941, affect- 
ing 13 of 90 students, an incidence of 14.4%. Previously reported 
outbreaks have been largely among males. The illness began, as a 
rule, abruptly with headache, mild sore throat and fei'er. This was 
shortly followed by a characteristic dry, harsh, non-productive 
cough. Abnormal lung findings were absent early, and even later 
m the disease were less than would be expected in patients having 
definite lung infiltration. Leukopenia or normal leukocyte counts 
were present and the sputum contained a mixed flora. Roentgen ray 
films of the chest usually shoAved an infiltration of moderate densitv 
beginning at the liilnra and later extending in a fan-like fashion 
towards tlie periphery of the lung. This was usually limited to one 
lobe. The disease ivas mild in character and rarely accompanied 
by toxemia. Fever persisted for from 1 to 14 days. Tliere were 
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no deatlis. No virus or rickettsia were obtained by animal inoeu- 
Jations. 
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COREELATION BETWEEN CLINICAL AND IN VITRO REACTIONS 
OF GONOCOCCUS STRAINS TO SDLFATHIAZOLE. 

(A Preliminary Report.) 

By Alfred Cohn, M.l)., 

Arthur Steer, M.l)., 

ASD 

Ik.ma Seijo, B.S., 

N’EM* YORK, X- V. 

(From the Bureau of Laboratories, Department of Health, City of Now York.) 

Felke,* Levaditi and Vaisinan,'' and HerroJd- have reported the 
occurrence of gonococcus strains which were resistant to sulfaniltt- 
niide. IVestpJial, Charles and Carpenter^ developed, e.vperimeii- 
tally, strains resistant to sulfapyridine. 

The following hi vitro bactericidal test, a modification of the tccli- 
nique developed iiy Keefer and his coworkers,’ demonstrated gono- 
coccus strain reactions to sulfathiazole whieli corre.spondcd to tlie 
results of chemotherapy in the patient. 

Method. The test was carried out as follows: Citratecl blood obf. 'lined 
from p.atient.s wlio had received 2 gin. of sulfathiazole 4 hours previou.s h> 
tlic taking of the blood was divided into two parts, one of which was inacti- 
vated at 5G“ C. for 30 minutes. Various saline dilutions flO-’, lO'’, lO'") 
of a 24-!iour growth of gonococci in 20(7 ascitic broth were added in 0.1 ee. 
amounts to tubes containing 0.5 cc. of the active or inactivated blood. 
The inoculated blood was incubated for 24 hours at 30° C. and 0.1 cc. from 
each tube was pipetted on to cooked blood filtrate ascitic fluid agar plates. 
These were incubated at 30° C. for 4S hours licforc being read. 

Controls were set up by substituting 20 (c ascitic brotli for the blood, and 
adding 4 mg. per 100 cc. of sulfathiazole. 

Experiments were also made by adding })-aininobenzoic acid' to the tubes 
containing sulfathiazole in blood or ascitic broth so that the final concentra- 
tion of the acid was 5 mg. per 100 cc. 
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Active blood containing sulfathiazole did not give evidence of 
gonococcus strain differences. However, such differences of ])ehavior 
were clearly demonstrated when inactivated blood was used. It 
was found' that most strains obtained from patients Avho had 
responded to sulfathiazole did not grow in inactivated blood con- 
taining the drug, even with the higher concentrations of the organ- 
isms. On the other hand, strains obtained from patients who did 
not respond to therapy often showed growth with dilutions of 10"® 
of the organisms (Table I). This strain difference was not so evi- 
dent when ascitic broth was u.sed instead of inactivated blood. 


Tabi.e 1.— Effect of Inactivated Human Blood Containing Sulfathiazole 

ON THE VlAnil.lTY OF GONOCOCCITS StKAIN.S. 


Dilutions of brotli culture of Konococci: 

10 

— 1 

10-= 


10-= 


Strain. 

No. of to.sl.s. + 

A. Strain Sinter plible 

0. + 

to Sulfalliiazolc. 

0. 

+ 

0. 

SI ... 

. . . 37 

15 

22 

1 

30 

1 

30 

S2 ... 

22 

5 

17 

0 

22 

0 

22 

S3 ... 

. . . 12 

4 

S 

0 

12 

0 

12 

S4 ... 

. . . S 

0 

8 

0 

8 

0 

S 

S5 ... 

... 0 

6 

O 

1 

5 

0 

0 

SO ... 

... 5 

0 

5 

0 

5 

0 

5 

S7 ... 

... 4 

0 

4 

0 

4 

0 

4 

ss ... 

... 3 

0 

3 

0 

3 

0 

3 

SIS* . . . 

. , . 2 2 0 0 

li. Strains liesislanl to Snlfathiazolc. 

2 

0 

2 

Ill . . . 

. . . 50 

56 

0 

55 

1 

44 

12 

R3 . . . 

... 11 

11 

0 

9 

2 

C> 

5 

114 . . . 

. . . 11 

10 

1 

9 

2 

7 

4 

R5 . . , 

... 9 

9 

0 

8 

1 

5 

4 

RO . . . 

7 

7 

o 

7 

0 

2 

5 

R7 . . 

5 

5 

() 

5 

0 

2 

3 

R8 . . . 

+ = Growth. 

5 5 0 

0 = No growth. 

3 

2 

1 

4 

* With S other 
3 fliliitions. 

.•iuseeptihlo str.iins, 

one 

test for 

o.ucli .sjiowecl 

no giowtJi 

in all 


r omparison of the bactericidal power of blood containing .sulfa- 
thinzole with the same blood containing p-aminobenzoic acid in 
addition, showed that susceptible strains were protected- from the 
action of the sulfathiazole by the acid while resistant strains were 
either unaffected or made more susceptible to the action of the 
<lnig (Table 2). 


Two strains, S7 and S8, obtained from patients who were ajipar- 
eutly carriers, acted like susceptible strains. Each time the patients 
were given sulfathiazole, they appeared to respond in the typical 
manner, only to show a recurrence at a later date. 


It was found that the behavior of a particular strain of organisms 
once isolated from the host, remained unchanged, in spite of the 
numerous passages on artificial media. However, it is known that 
some i)atients do not re.spond to the first course of treatment, but 
may respond to a second or third cour.se. This makes one suspect 
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the existence of a host factor which was not demonstrated by the 
test. 


Tabi-b 2. — Effect of Inactivated Hdsian Blood Containing Swlpathiazoi.e 
AND P-AMiNo Benzoic Acid on the Viability of Gonococcus Stbains. 
Dilutions of broth culture of gonococci: 10~i 10~i 10~5 


Strain. No. of tests. + 0. 

A. Susceptibe Strairts. 

51 G 6 O 

52 3 3 O 

S6 5 5 O 

S. Ifesis/anf Strains. 

R1 10 10 O 

R4 9 9 O 

R5 9 9 O 

R6 1 1 0 

R7 5 5 0 

+ = Growth. O = No growth. 


-t- O. 


G 0 

3 0 

5 O 


7 3 

8 1 

9 O 

1 O 

5 O 


-f" 0. 

5 I 

2 1 

5 0 


3 

0 

S 

1 

3 


3 

1 

0 


There was a lack of clinical and laboratory correlation for 2 strains 
of the 34 studied. One was a susceptible strain (S18), obtained 
from a patient resistant to sulfathiazole therapy. The other was a 
resistant strain (R5), obtained from a patient who responded to 
sulfathiazole treatment. It is suggested that the strain may undergo 
a change in the host from a resistant to a responsive character. 
Investigation along these lines ivill be continued. 

Summary. A technique is described which giA'es evidence of a 
difference in behavior of various gonococcus strains to sulfathiazole 
in vitro. The strain variation corresponds markedly ivith the clinical 
reaction of the patient. Para-aminobenzoic acid inhibits the bac- 
tericidal effect of sulfathiazole on susceptible strains of gonococci. 
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THE FORMOL-GEL TEST IN RHEUMATIC FEVER. 

Bv J. Scott Bu'tterwortii, I\I.D., 

FR.\NK MEI.Vrt.LE FRt.LOW IN CAKDIOLOGY; NEW YORK POST-GR.tnL'ATE MF.MCM, 
SCItOOI., COLUMBIA UNIVF.RSITY, 

AND 

rii.vRLE.s A. Poindexter, i\r.r)., 

ASHOCtATF. CLINICAL FROFE.OSOB OF MEDICINE, NEW YORK FO.'iT-OIUDUATE .MEDIC.O. 
Fcnool,, COI.UMnlA U.NIVERSITY, 

, NEW YORK, N. Y. 

(From the Divi.-iion of Cardiologj'. Department, of Medirine, New York PoHl-Clradu- 
nlo Mciiifal School and IIo.«pifa), Cohinibi.a University.) 

Since the formol-gel test was first describcfl by Gate and Papa- 
costas^ in ]020, it lias been recommended as a diagno.stic aid in 
many diseases. 1’lie reaction was tbmigbt to occur only in flic 
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serum of syphilitic patients but it has since been found to be present 
in a great variety of unrelated conditions.® 

Our attention was first drawn to the test by the report of Schultz 
and Rose® in 1939. These authors compared the formol-gel test 
with the erythrocyte sedimentation rate (ESR) in cases of rheumatic 
fever and riieumatic heart disease as well as in an assorted group of 
“ control” cases. They found that in patients with various febrile 
diseases excluding rheumatic fever there was a parallelism between 
the ESR and the formol-gel test and that a positive formol-gel test 
never occurred unless a certain degree of increased erythrocyte 
sedimentation existed. However, in children or adults with rheu- 
matic carditis the test became positive when signs of active carditis 
appeared and the results were not necessarily parallel to the ESR. 

They also noted occasional instances in which the formol-gel test 
remained positive after the ESR had returned to normal and sug- 
gested that this test might be a more sensitive index of persisting 
rheumatic infection. In cases of active rheumatic carditis with 
decompensation the formol-gel test was positive, whereas the ESR 
was Avithin normal limits. These observations suggested to the 
authors that the formol-gel test might be a valuable additional aid 
in determining the presence of active carditis in patients known to 
be suffering from rheumatic fever. 

Material and Methods. Three hundred and thirty-eight tests were per- 
formed on 208 patients. For the most part these patients were adolescents 
and adults, but a few children were included. The series consisted of a 
large number of patients with rheumatic vahmlar disease of varying 
degrees of actmty. As controls, healthy indmduals and patients with a 
variety of diseases seen on a general hospital ward serHce were included. 

All bloods were taken by venipuncture, placed unmediately in clean test 
tubes and allowed to stand until clot retraction had taken place. These 
were not necessarily fasting specimens. The tubes were then centrifuged 
and 1 cc. of serum was withdrawn and placed in a small test tube of 0.8 mm. 
bore. Two drops of a 40 % formaldehyde solution were added to each tube. 
The tubes were than tightly stoppered and inverted until through mixing 
had occurred. The tubes were inspected at intervals of 24, 48 and 72 hours 
and the degree of gelation recorded. Early in the rvork the tubes were 
inspected at the end of 5-miuute and 1-hour intervals, but this was soon 
discarded, since no additional information was gained. The degree of 
opacity was l^ewise found to be of little value and was abandoned. 

The following criteria were adopted to denote the degree of gelation: 
1. On inversion of the tube the serum showed a .slight increase in ruscosity 
when compared with normal serum. 2. On inversion of the tube the serum 
flowed very slowly when compared to noimal. 3. On im’-ereion of the tube 
there was no flow of serum but the surface had a jelly-like consistency. 
4. On inversion of the tube a solid gel was present with no movement of the 
surface. 

The ESR determinations were done by the Wesfcergren method as modi- 
lecl by Eerg.i For the purjiose of this study all rates below 20 mm per 
hour were considered to be normal or borderline, while all rates over 20 mm 
per hour were considered definitely abnormal. 

Emits. Table 1 lists our results and indicates the relation of 
the ESR to tlie formol-gel test. 
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In 58 patients Avith clinically inactive rheumatic A-ah ular disease 
of various degrees and with an ESR below 20 mm. per hour, the 
formol-gel test was invariably negative. In 9 additional cases 
where the ESI! was between 20 mm. and 05 mm. per hour and in 
whom actiA'ity may haA’e been present Avithout clinical manifesta- 
tions, the formol-gel te.st Avas negatiA-e in 7 and slightly positive in 
2 cases. 

T.\ble 1. 


ESR in mm. per hour. Formol-Gfl 



Total 
No. of 

0- 

20- 

40- 

GO- 

' 

- — 


— 


Uibeusf, 

ca.se;,. 

19. 

.39. 

59. 

TO. 

80 -t-. 

Ncs- 

SI.* 

Mo<l.* 

Mark.* 

Normals . 
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* Markedly positive tests include all those with 4-|- gelation after 24 houra; 
moderately positive tests include those with 3-1- gelation in 24 hours and 3-f and 
4-f- gelation in 72 hours; slightly positive tests include all those of less degree flinn 
3-1- gelation at the end of 72 hours. 

Sixteen cases of active rheumatic fever in the hospital Avards 
were studied during the course of the disease. Thirteen of these 
cases at one time or another gat-e a jAositive formol-gel reaction 
Avhich in general paralleled the ESR, particularly AA’hen the EvSK 
Avas high. In 1 patient, hoAvever, with an ESR of 90 mm. per hour 
and shoAving typical migratory arthritis, subcutaneous nodules and 
tachycardia, tlie formol-gel test was ncAcr positiA'c. Another case 
was that of an 8-A’ear-old boy Avith severe active rheumatic peri- 
carditis and an ESR of 138 mm. per hour. The formol-gel test 
AA’as negative until late in the course of the disease AA'hen the signs 
of active carditis had disappeared. The diagno.si.s of active rheu- 
matic carditis is often extremely difficult even AA’ith the aid of 
modern laboratory techniques. The electrocardiogram may he of 
help, but interpretations must be made Avith caution.® 

Six cases of coronary thrombosis Avere tested. The formol-gcl 
test Avas iuA-ariably negative, although the ESR Avas ahoA-e 20 inm. 
]fcr hour in 3 of the eases. 

Six cases of suliacute bacterial endocarditis Avere followed over 
[leriods of many Aveeks. The diagnosis AA-as definitely estahlislicfi 
in all case.s and eventually all died. Two cases showed a ]) 0 .‘:itiAT 
formol-cel te.st, 3 were always iiegatiA-e and 1 was somctimc.s posi- 
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tive and sometimes negative. 


The ESR was markedly elevated in 


each case. 

In studying liver and gall bladder disease it was found that the 
formol-gel test was usually positive in cases of cirrhosis, but not 
invariably so. One case of acute catarrhal jaundice and 2 cases of 
acute cholecystitis were negative. 

In 14 cases of rheumatoid arthritis the I^lSll was o^'er 20 mm. per 
hour in each case. Seven of the cases showed a formol-gel test 
])ositivc in some degree and 7 were negati^'e. One case of gout with 
an ESR of 103 mm. ])er hour was negative. 

Weltmann” tests were performed with the ESR and the formol- 
gel test in 8 selected cases, but no correlation was found. 

Discussion. All evidence to date^-'’ points to the fact that the 
formol-gel test is a test for hyperglobulinemia and has no specificity 
in individual diseases. A recent paper by Biguria and Foster" pro- 
])osed modifications of the test for the determination of globulin 
content of serum. Our results have likewise shown no specificity 
and we have been unable to corroborate niany of Schultz and Rose’s 
results. It is true that a positive formol-gel test rarely occurs with 
a normal sedimentation rate except in the presence of cardiac de- 
compensation but on the other hand there is no correlation between 
a high ESR and the formol-gel test. Nor were we able to demon- 
strate that the formol-gel test was of value in determining the degree 
of carditis jjresent. None of the cases of coronary occlusion with 
cardiac degenerative changes gave a positive test and 1 case of 
unquestionable rheumatic pancarditis ga^'e negati\’e results. 

Schultz and Rose suggested that the test might be a more sensi- 
tive index of persisting rheumatic activity than the ESR. The 
formol-gel test may remain positive in cases of rheumatic fe^"er after 
the EvSR returns to normal ranges, but in our e.xperience this alone 
is not an indication of persistent rheumatic activity that should 
keep the patient in bed. Our cases with a normal ESR but a per- 
sisting positive formol-gel test did well on gradually increasing 
activity, although this test often remained positi^'e in some degree 
for long periods. 

The formol-gel test has one advantage over the ESR in that the 
test does not have to be performed immediately. We have retested 
many sera after preserving them in the refrigerator for periods as 
long as 2 months and the results were essentially the same. This 
fact, however, does not compensate for the lack of sensitivity of the 
test. 


Since this work was completed, a jiaper liy Klein, Levinson and 
Stuhik" has appeared covering a study of the formol-gel test, the 
ESR and the Weltmann reaction in the rheumatic fever of child- 
hood. Their results were entirely similar to ours in that they were 
unable to substantiate the claim that the formol-gel test\vas a 
measure of rheumatic carditis. In their experience the formol-gel 
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test was the least sensitive of the three procedures in determining 
the degree of acti\dty in patients with rheumatic fever. 

Summary and Conclusions. 1. The formol-gel test is essentially 
a test for hjT)erglobulinemia and has no correlation with the erythro- 
cj'te sedimentation rate. 

2. It is of little or no value in the diagnosis of acute rheumatic 
fever with or without carditis. 
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TJie final .section on forcn.sic incdiciae includes an excellent suiumarj' of 
the British laws which should .serve as a basis for comparison with American 
practices. 

The author has fulfilled in an excellent manner his purpose, which was to 
present an introduction to indirstrial medicine for those who contemplate 
entering this field. X, jj. 

The Complete Weight Redccek. B 5 " C. J. Gerling. Pp. 246. Rew 
York: Harvest House, 1941. Price, S-S.OO. 

Much useful information for lajnnen on obesity: its causes and treat- 
ment, and especially on the manj" fads and quackeries that are perpetuated 
on the public in this field. The manner of presentation is novel. Instead of 
a systematic and consecutive covering of the subject, there are concise 
discussions, usually onlj-^ a paragraph or tM'o, on topics alphabetically 
arranged, to which the reader can easily refer when he ivishes to look up a 
particular point. The book should prove helpful and instructive to the 
intere.sted lajunan. . R. K. 

A Text-Book of Pathology. Edited by E. T. Bell, M.D., Professor 
of Pathologj' in the University of Minnesota, Minneapolis. Pp. 931; 
431 illustrations and 2 colored plates. Fourth Edition, enlarged and 
thorough^ revised. Philadelphia; Lea & Febiger, 1941. Price, S9.50. 
Each succeeding edition of this valuable textbook brings it nearer in size 
to the Big Three works on this subject, ivithout loss of quality. Favorably 
comparing with them is the lower price of Bell’s work, and the greater 
attention paid to predisposing factors in disease and to physical and chemi- 
cal agents. There is a M'elcome increa.se in the emphasis on pathologic 
physiologjq and a desirable tie-up ivith clinical medicine, ivithout .sacrifice 
of space devoted to the basic concepts on general jiathologj'. 

E. K. 

The iNTER^'EnTEBRAL Dxsc. With Special Reference to Rupture of tlie 
Annulus Filirosus with Herniation of the Nucleus Pulposus. By F. 
Keith Bradford, M.D., Houston, Te.vas and R. Glex Spurlixg, M.D., 
Louisville, Ky. Pji. L58; 4.6 illustrations. Springfield, 111.; Charlc.s C 
Thomas, 1941. Price, .S4.00. 

In this monograjih discussion of diseases and traumata of the interverte- 
bral disc, special attention is given to the nucleus pul])osus. Tlie scope of t lie 
ivork is comjirehensivc and inclusive. Anatomy, pliy.siologj- and jiatholog>' 
are adequately considered and clinical idiases of diagnosis and treatment 
receive detailed study. Differential diagnosis is someivhat .sketchy, and 
conditions producing the symptoms of herniated disc are not given a true 
percentage valuation. 

The illustrations are e.xcellent, the format and paper are up to tlic 
Thomas .standard. This monograph is of distinct value and is a contri- 
bution worthy of study and frequent reference. G. Y . 


Trauma and Dlsease. Edited by Leopold Braiidy, B.S., M.D., Physi- 
cian in Charge of Occiqiational Di.sea,scs and Injuries in the Oflicc of 
The Corporation Counsel of the Citj' of New York, etc., and SamueR 
Kahn, B.S., M.D., Medical E.vamiiier in the Bureau of Workmens 
Compensation of the Departmentof Dibor, State of New York. i’P- 
13 illustrations. Second Edition. Philadelphia: Ixia A I'cbigcr, 1941. 
Price, •ST.-'iO. 

This second edition continues the high standard .«ct by the first. To 
the list of well-known autliors who have contributed chapters h.ave l>e<‘n 
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of this vork the views of Goldthwait are presented and augmented by ins 
pupils. The greater portion of the book is sound and of value. Some 
wishful thinking and loose statement has, however, crept into the work. 
Especially’^ is this true as regards vascular disease. Certainly tiie proper 
critical attitude has not been applied to the relationship between skeletal 
structure and position and the development and treatment of visceral 
diseases. G. W. 


Immunity Against Animal Parasites. By’ James T. Culiseutsox, 

Assistant Professor of Bacteriology’, College of Phy'sicians and Surgeons, 

Columbia University. Pp. 274; illustrated. New York: Columbia 

University Press, 1941. Price, S3.50. 

The subject matter of this book is divided into three parts: 2, Natural 
Resistance and Acquired Immunity; 2, Immunity’ in Specific Diseases; 
and 3, Applied Immunology. Part I contains 7 chapters, the headings of 
M’hich are: Natural Resistance, Age Resistance, Specifically Acquired 
Immunity, Requisite for Immune Response, Parasites Which Elicit Im- 
munity’, Mechanisms of Specific Immunity and Demonstration of Immun- 
ity. Part II is made up of the following 9 chapters: Amcebiases, Leish- 
maniases, Try’panosomiases, Malarias, Coccidioses, Trematodiases, Cestodi- 
ases, Nematodiases, and Response to Arthropods. Part III is composed of 
the following: Classification of Parasites, Vaccination Against Parasites, 
and Diagnosis of Parasitic Infection. A list of abbreviations of journal 
titles and an index complete the book. The text is illustrated by 4 plates, 
3 charts and 2 tables. 

To this Rewewer the chief value of the book is its extensive bibliography, 
which supplements that of Taliaferro’s (1929) “ The Immunology’ of Para- 
sitic Infections.” On the whole, one gets the impression of hurried prepara- 
tion, inadequate digestion of data and of carelessness. The last may be 
illustrated by’ expressions such as “malaria-infected blood,” “monkey 
malarias,” “choice of hosts,” “the balantidias” for species of balantidium, 
“Balantidia” uTitten as a generic name, “somatic protozoans" for protozoa 
that are parasitic in tissue. Throughout the text results of experiments 
are cited without analy’tical consideration of their part in aiding a rational 
explanation of the interrelationships of host and parasite. There seems to 
have been no attempt to differentiate between truly’ pathogenic and non- 
pathogenic parasites or “normal” and “abnonnal” parasitism in discus.'ing 
immunologic responses. This Reviewer cannot agree that “examples of 
e.xtreme maladjustment between host and parasite do not occur .... m 
natural infections” (p. 14), that “age resistance has been demonstrated to 
parasitic amoebie or flagellates of the intestinal tract (p. 37), that “once a 
para.site has developed to a stage which can survive in the inte.stinal lumen 
.... it is largely’ bey’ond the influence of the agencies .... which perforni 
the immune function” (p. GO), that “the depression 6f egg production w 
female wonns in immune hosts may’ be explained by occlusion of the gemfnl 
jiore with precipitate “(precipitated antibody) (p. 72), that “nio.st huinaii 
beings are naturally’ resistant to infection with Endammba hi.stoh’tica 
(p. 92), or that eosinophile leukocy’te.s, by’ collecting in tlie intestinal mucos.a 
“form a definite barrier to penetration by the adult parasites” {Inaancm 
spiralis) (p. 192). 

This Reviewer has no wish to belittle in any’ way’ the excellent stum • 
that have been and are being made on the immunology’ of para.sitic diseases- 
Certainly’ this pha.se of parasitology’ would not have attracted the atten lo 
of our be.st-equipiied investigators imd it not presented so inany’ ^ 

problcm.s. It warrants better treatment than lias lieon its lot this ti 
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The author ]ias proved himself to be truly a doctor of medicine as well 
as a surgeon, and this book is to be commended as an example of the 
general information that the surgeon should possess rather than the purely 
technical information of the “operator,” 1. H. ' 


HYpoPAHATHYROinisM IN Denmakk. A Clinical Study. By Aage Lach- 

MANN. Pp. 269; illustrated. Copenhagen; Einar Alunksgaard, IWl. 

Price, Dan. Cr. 12. 

This is a surainarA' of the clinical and metabolic findings in jiatients with 
postoperative and idiopathic hypojiarathyroidism, with re.sults of various 
treatments. It consists of studie.'; on patients in several Danish hospital.s 
and analysis of data in the literature of other countries. I. Z. 


The Foot .axd An'kle, Their Injuries, Disea.se.s, Deformities and Dis- 
abilities with Sjiecial Apjilieation to Militai^’ Practice. By Philii’ 
Leavin, AI.D., F.A.C.S., Associate Professor of Bone and Joint Surgery, 
Xorthwestern University Medical School; Profes.sor of Orthopieclic 
Surgery', Post-Graduate hledical School of Cook County Hospital, etc. 
Pp. 66o; 304 line drawings b}' Harold Laufaiak. M.D. Second Edition. 
Philadelphia; Lea & Febiger, 1941. Price, S9.00. 

This book is well on the way to becoming a classic. The second edition 
is much superior to the first. E.xperience has shown what to eliminate and 
condense. Necessity has caused inclusion and elaboration of lesions jieculiar 
to the soldier and war. In its jiresent form this book is of great wort li ami 
can be imhe-sitanth' recommended as the best treatise upon the subject. 

G. W. 


The ^Iedic.al Cumcs of North America (Vol. 25. No. 5, Bo.ston Number). 

September, 1941. Philadelphia: W. B. Saunders Company, 1941. 

This number features a symposium on methods of treatment in diabetes, 
jmeumonia, puJmonarj' tuberculosis, common forms of lieart disease, bac- 
terial meningitis, migraine, epilepsy, exophthalmic goiter, peptic ulcer, 
gall bladder disease, nephritis and urinarj' tract infections. The issue also 
contains articles on infant feeding, the preventative a.spect.s of militanj 
medicine, conditions simulating pulmonary' tuberculosis and the clinical 
application of electro-enceiihalograpliy. 

The sidijects are well jiresentcd, new methods as well as old being dis- 
cussed, though some can scarcely be considered “specific.” The majority 
of the articles discuss both diagnosis and therapy. The role of sulfonamide 
therapy in the various indicated disea.ses is properly evaluated in most 
instances, though the value of the.se drugs in subacute bacterial cndocarchti- 
is perhaps overrated. The article on di.abetes contains valuable advice on 
its management in automobile drivers. In the section on the treatment of 
meningitis there is a great deal of repetition and, after a.scribiiig a hiEh 
incidence rate (first in some reported .‘^eries) to tuberculous meningitis, the 
treatment of this disease is not discussed, jierhaps because of the liopefc- 
progiiosis in tliF type. In tlie treatment of acute cholecystitis, the ndmini'' 
tration of only sodium chloride solution intravenously is rccomincndca, 
thongii the value of glucose, in such casc.s is well recognized. In the ov' 
enssinn of the diagnosis of gall bladder disease, there Is no reference to tiic 
examination of bile obtained by duodenal aspiration as a diagno^ic^pro- 
cedtirc . ' ' ’ 
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Wounds and Fractures. A Clinical Guide to Civil and Military Prac- 
tice. By H. WiNNETT Orr, M.D., F.A.S.C., Lincoln, Nebraska; Chief 
Surgeon, Nebraska Orthopedic Hospital. Pp. 227; 137 illustrations. 
Springfield, III: Charles C Thomas, 1941. Price, $5.00. 

This book is in reality a monograph on Dr. Orr’s method of treating 
fractures rather than the clinical guide that the title indicates. There is 
no question as to the brilliant results of the Orr methods of treatment m 
many cases, but it would be a mistake not to emphasize the fact that many 
fractures can be treated successfully without the use of pin fixation. In 
fact, it is doubtful whether the widespread use of pins should be encouraged. 

The Reviewer also lielieves that infection in comjiound fractures may in 
part at least be combated by the use of sulfonamide therapy, but the use 
of this drug has not been mentioned by Doctor Orr. Does it not deserve 
a trial at his hands? 

Aside from these two criticisms this volume deserves only praise for its 
exposition of tliis imjiortaiit method of treatment which has done so much 
to reduce mortality and morbidity in patients with compound fractures. 


Sulfanilamide and Related Compounds in General Practice. By 
Wesley W. Spink, M.D., Associate Professor of Medicine, University 
of Minnesota Medical School. Pp. 256. Chicago : The Year Book Pub- 
lishers, Inc., 1941. Price, $3.00. 

This is the fourth book on sulfonamide chemotherapy which has come 
io the Reviewer’s attention in as many years, indicating the tremendous 
interest in the suliject as well as the rapid advances which have been and 
are being made. Second editions or new ones will no doubt be needed in 
the near future. 

The present volume is remarkably down to date, with the latest reference 
dated July, 1941. The subject matter is dealt with in p orderly manner 
beginning with the historical development and general principles of therapy. 
This is followed by a discussion of the three principalty used compounds, 
sulfanilamide, sulfapjYidine and sulfathiazole, describing for each in detail 
the dase and methods of administration, treatment of especially important 
infections, contraindications and so forth. Several chapters are devoted 
to disease comple,\es suph as pneumonia, meningitis, urinary tract infection, 
and to chemotherapy in dermatologic, surgical, and dental fields. There, 
arc good chapters on chemoprophylaxis and toxic manifestations. The 
final two chapters discuss the available knowledge on the two most recently 
introduced compounds, sulfaguanidine and sulfadiazine. 

The book is of convenient size and is written in a simple, clear, concise 
manner. It is remarkabty free from typographic or other errors. Numer- 
ous interspersed _ case reports with charts illustrate important points in 
therapy. The bibliography is well arranged, adequate, and contains over 
400 selected references. The index is complete. 

_ The Ijook has a justifiable enthusiastic tone but is tempered with the 
right amount of conservatism to make it a valuable one for the profession 

H. R. ' 


A M.INU.LL OF THE TreAT.MENT OF FRACTURES. By JoHN A. CaLDWELL, 
M.D., 1 rofe^or of Cluneal Surgery, College of Medicine, University of 
Uncmnati; Director of the Fracture Service, Cincinnati General Hos- 

& Charle., 
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originality.” Doctor Caldwell has emphasized principles of treatment, 
has shown standard procedures and has provided a guide to the literature 
so that any student or house officer can act in an emergency if he is familiar 
with this manual; but he will also be aware of the fact that more detailed 
instructions are available and that it will be of interest and benefit to him 
to go to the source for them. 

This book is heartily recommended to any one interested in the treat- 
ment of fractures. 1. R. 


Lectores on War Neuroses. By T. A. Ross, M.D., F.R.C.P. Pp- D6. 

Baltimore: The Williams & Wilkins Company, 1941. Price, S2.00. 

A VERY colloquial, simple and short description of neuroses intended 
for general practitioners in civilian life and medical officers in the army. 

It is very loosely knit together with many illustrative cases. The author 
insists on the need for prompt psj'chotherapy b}' whatever medical officers 
are near in the earliest hours of a war neurosis, and he describes the sur- 
prisingly good results from crude emergency measures. He advises that 
long-standing cases be handled onl}’’ by ps 3 mhiatrists. E. B. 


Lmsiunization to Typhoid Fever. Results obtained in the jirevention of 
typhoid fever in the United States Amij', United States Naiy, and 
Civilian Consenmtion Corps, by the use of vaccines: influence of antigenic 
structure and other biological characters of E. typhosa on the production 
of protective antibodies in the blood of immunized individuals: increases 
in protective antibodies in the blood following tlie use of a single small 
dose of vaccine for reimmunization purposes as compared with the use of 
three doses. 

From the Research Laboratories of the Army Medical School, Wasli- 
ington, D. C. Investigations carried out under the general superidsion 
of: Col. J. F. Siler, M. C., U. S. A.; Lt. Col. George C. Dunh.a.m, 
jSI. C., U. S, A.; Maj. Don Longfellow, M. C., U. S. A.; Lieut. G. F. 
Luipfold, San. Corps Res., U. S. A. Special investigations carried out 
and cooperative assistance rendered bj' the following members of the 
staff of the Medical Department Professional Service Schools, Army 
Medical Center, Washington, D. C.: Maj. H. R. Lh'esat, Capt. Don 
Longfellow, Capt. C. P. Candy, Capt. F. B. Wakeman, Capt. F. E. 
Council, Maj. F, H. K. Rei'nolds, Lt. Col. A. P. Hitctiens, Capt. 
WiLLiAir S. Stone, Lt. Col. Tib D. Fle.uing, Capt. J. R. Wood, Capt. 
.1. H. McNinch, Lt. Col. R. L. Holt, Capt. A. R. Dreisbach, and Ijt. 
Col. S. D. Aitsry. (The Am. J. Hyg. Supported b.v the De Lamar Fund 
of The Johns Hopkins Universitj*. Pp, 27G; illustrated. Monogr. 
Ser., No. 17, Sept., 1941.) Baltimore: The Johns Hopkins Press, 1941. 
Price, 62.50. 

A COMPILATION of the e.\'tensivc investigations into the antigenic and 
immunizing properties of E. typhosa during the period of 1934-1940 i? 
most timeljL Although many phases of the e.\-perimental work were pui>- 
lished elsewhere from time to time, this report pre.«ent.s the work in more 
detail. A historical review of the use of typhoid vaccine in the Arniv, 
Na\y, and Civilian Conservation Corps Ls included. Detailed dcscnption.s 
are given of the experimental inve.stigations on the antigenic characteristics 
of strains of E. typhosa, on the ability of the various vaccinas to bring .about 
the production of protective antibodies, the duration of immunity subse- 
(juent to immunization irith ijiflioid vaccine and the matter of rcvacci- 
nation. 
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Behind the Mask of Medicine. B3' Miles Atkixsox. I’li. ,'i4S. Xew 
York: Charles Scribner’s Sons, 1941. Price, 83.00. 

Chinese Lessons to Western Medicine. A Contribution to Geographical 
Aledicine From the Clinics of Peiping Union Medical College, Peiping, 
China. With a Foreword bj" George R. Minot, Professor of Medicine, 
Hansard Universit}'. Pp. 380; 132 illustrations and 38 tables. Xew York: 
Interscience Publishers, Inc., 1941. Price, 85.50. 

Language in Action. A Guide to Accurate Thinking. Bj' S. I. Hay.\k.\w.\, 
Assistant Professor of English, Illinois Institute of Technologj'. Pp. 245. 
XYw York: Harcourt, Brace & Co., 1941. Price, .$2.00. 

Fm Gonna Be a Father! By Bon Dunn (with a little assistance from his 
wife). 80 illustrated pages. Philadelphia: Da^^d McKa}' Company, 
1941. Price, 81.00. 

Intended for comic relief only. 

The Doctors Mayo. Bj’^ Helen CL.\PES.iTTLE. Pp. 822; illustrated. 
Alimieapohs: The Universitj"- of Alinnesota Press, 1941. Price, 83.75. 

Endotracheal Ansesthesia. Bj" Noel A. Gillespie, D.M., B.Ch., MA. 
(OxoN.), D.A. (R.C.S. Eng.), Research Associate and Resident in 
Ancesthesia, University of Wisconsin; State of Wisconsin General Hospi- 
tal, etc. Pp. 187; 44 illustrations and 1 colored plate, IMadison; The 
University of Wisconsin Press, 1941. Price, .84.00. 

The Laryngoscope. Its Use in the Diagnosis of Common Larjmgeal Path- 
ologj^ and in Examination of the Phai^mx and Nasopharjmx. Pp. 32; 
27 illustrations (manj' in color). Southbridge, Mass.: American Optical 
Companj’-, 1941. 

Encephalitis. A Clinical Study. B 3 ' Josephine B. Neal, A.B., M.D., 
Sc.D., F.A.C.P., Associate Director, Bureau of Laboratories, Depart- 
ment of Health, New York; Clinical Professor of Neurolog 3 ’’, College of 
Ph 3 ’’sicians and Surgeons, Columbia Uiiiversit 3 ', with six Collaborators. 
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stages following the inception of the burn. For the sake of clarity 
Wilson classification of the stages of burn will be used in the follow- 
ing discussion, not because it is the more accurate or more desirable 
but because it may be more easily moulded to conform with the ideas 
of other investigators. Wilson lists the following stages: 1, initial 
shock; 2, secondary shock; 3, acute toxemia; 4, septic toxemia; 5, heal- 
ing; 6, death in any of the above stages. 

1. Initial or Primary Shock. This condition, Avhich arises almost 
immediately after injury, is characterized by low blood pressure and 
has been considered to be due to vasomotor changes. It is probably 
produced by pain and fright since Underhill, Kapsinow, and Fisk” 
have demonstrated that it is not present when animals are burned under 
the influence of an anesthetic agent. Primary shock can usually be 
controlled in part by' early' adequate doses of morphine with supportive 
therapy', and care should be taken that the patient is past this stage 
before extensive local treatment of the burned area is started. Failure 
to realize this may' lead to prolongation and intensification of the initial 
period of shock. 

2. Secondary Shock. Underhill and his coworkers^ as well as Robert- 
son and Boy'd-®'"’*’ regarded secondary' shock and acute toxemia as 
belonging to the same stage; however, in the light of recent investigation 
less confusion will result if these trvo stages are kept separate and the 
second stage of burns (secondary' shock) referred to as the "period of 
hemoconeentration.” 

Cumin 'hn 1823 was the first to note a thickening of the blood after 
severe burns as he stated that bleeding was difficult because the blood 
was "sizy.” Underhill, Carrington, Kapsinow, and Pack,®® 100 years 
later, demonstrated a marked hemoconeentration in patients with 
severe burns. Experimental work by Underhill, Kapsinow, and Fisk®' 
demonstrated in animals that the burning of one-sixth of the body 
surface caused a loss of 70% of the total blood I’olume into the burned 
area, and analy'sis of this fluid showed it to be similar to blood plasma. 
Experiments by Blalock, Beard and Blalock,® Harkins,”"'® and others 
have confirmed this concept. The phy'siologic mechanism has been 
shown to be an increased capillary' permeability' in the burned area witii 
a resultant rapid loss of plasma into this area occurring for the most 
part during the first 24 hours after injury. More recent studies demon- 
strate that a portion of the loss in plasma r'olume is from the surface of 
the burned area. 

The clinical picture of this condition is one of hypotension, circula- 
tory failure, and in severe cases, death. In fact the highest mortality 
occurs during this period. Hemoconeentration is easier to prevent tliaii 
relieve. Parenteral fluid, e.spec)ally plasma, should be started earlj 
since hemoconeentration incrca.ses most rapidly' during the first fi hours 
after injury, ll’einer, Rowlctto, and Elman®® lia\'C emphasized the 
fact that large doses of parenteral saline are to be avoided since tlm 
frequently lowers the serum protein to an edema level, and the adinints- 
tration of large amounts of neutral sodium salts intensifies the edema 
at any given ku'cl of tlic scrum protein. Wilson®®® also warned agam.-t 
large volumes of saline and glucose, and stated that he found gum 
acacia valuable in controlling hemoconeentration without lowering Ifu 
level of the plasma protein. Since hepatic injury^ is often as.'-oewter 
with an extensive burn this procedure is, we believe, attended wit i 
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some danger. The value of plasma administration has also been 
stressed by McClure, by Elkinton, Wolff, and Lee,« by Tenery^^ and 
Black.® Ideally, the plasma lost into the burned area should be re- 
placed volume for volume with plasma, but this is neither practical nor 
always necessary. We have found that most cases with 30 % to 40 % 
of the body affected with a first and second degree burn will do quite 
well when given 1000 to 3000 cc. of plasma plus not more than 1500 cc. 
of a 5 % glucose solution in saline during the first 24 hours, if the oral 
intake of fluid can be kept up so that the urinary output is from 800 to 
1000 cc. After this initial period, therapy should be dictated by fol- 
lowing the hematocrit, plasma protein, and plasma chloride concentra- 
tions. The plasma replacement is best done slowly, for the adminis- 
tration of large amounts of plasma in a short time increases the loss of 
protein from the vessels. 

3. Acuta Toxemia. As no toxemia has been definitely demonstrated, 
it would perhaps be more accurate to refer to this as the “ toxic stage of 
burns.” Tissue toxins, bacterial toxins, and hemoconcentration have 
all been suggested as the etiologic factor in this stage. With adequate 
therapy, primary shock, hemoconcentration, and infection can be pre- 
vented or controlled — yet, the patient may still develop, usually 48 
to 72 hours after the burn, a syndrome characterized by lowered blood 
pressure, tachycardia, hyperpyrexia, malaise, increasing lassitude, de- 
lirium, coma, circulatory failure, and, in some cases, death. This has 
led many investigators to further search for a toxic agent. 

It is the etiology of this clinical picture which has long been the 
ceiiter of burn investigation. Excellent reviews of this problem have 
lieen published by Harkins,^"^® Blalock,®® and Gunn and Hillsman.^® 
Underhill believed that hemoconcentration accounted for the clinical 
picture seen in this stage, and Aldrich'® feels that the absorption of 
laicterial toxins is the most important factor; however, as pointed out 
above, this syndrome may develop in the absence of hemoconcentration 
and infection. It has been noted when plasma replacement was suffi- 
cient to prevent hemoconcentration and hypotension had not taken 
place. 

Much evidence has been presented to show the existence of a toxin 
formed in the burned urea. Much of the older investigation along this 
line has been refuted; hoAvever, the work of Wilson, and of Rosenthal, 
has yet to be confirmed or condemned. Wilson, Jeffrey, Roxburgh, 
and Stewart'® in 1937, using rabbits, found that the edema fluid gradu- 
ally became toxic, the potency being greatest after 48 hours after burn- 
ing. Tliis they attributed to autolysis of the injured tissue since cul- 
ture indicated that bacteria played no role in this reaction. This late 
formation of a toxic material may explain why some previous investi- 
gators had found a toxin and others had not. Wilson,®®® however, stated 
that the e.x^stence of such a toxin has not yet been definitely proved. 
Also in 1937 RosenthaP'®’® reported experiments in Avhich he had found 
m the blood of burned animals a histarainoid. substance which caused 
contraction of the virgin guinea pig uterus. This substance and hista- 
mine were both neutralized by the sera from experimental animals and 
humans m the healing stage of burns. Even normal sera neutralized 
those substances to a slight extent. 

The work of Underhill, Kapsinow, and Fisk®' indicated very little 
or no absorption of certain dyes and strychnine from the burned area 
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during tlie first 24 hours after injury; however, this need not indicate tlic 
lack of the later absorption of a toxin since this material is apparently 
not of great potency until about 48 hours after burning. The toxic stage 
usually does not appear until sometime after the first 24 to 48 hour 
period. Mason, Paxton, and Shoemaker-'* found that certain sub- 
stances of lo-n' molecular weight such as sodium iodide, are quickly 
absorbed from the burned area in the first 24 hours, and Hooker and 
Lam’® have demonstrated the same result with sulfanilamide. The 
toxin may have a Irigher molecular weight and absorption may 
then be similar to the materials used in Underhill’s experiments. , 
Recent blood electrolyte studies in burns have been of some 
interest. As early as 192G Davidson’®* reported a lowering of the 
serum chlorides and evidence of a chloride retention which he sug- 
gested may lie in the tissues. Wilson and Stewart** found a marked 
decrease in the serum sodium level which generall.y followed the severity 
of the patient’s condition; the administration of deso.xycorticosterone 
acetate was followed by elevation of the plasma sodium and with 
clinical improvement in the patients. They also noted some in- 
crease in the serum potassium level following severe burns but made 
little comment on this finding. Scudder®® reported a study of plasma 
potassium levels on 6 patients following the Hindenburg disaster in 
whom he found ele^'ation of plasma and whole blood potassium; he 
employed adrenal cortical hormone in the therapy of these cases with 
apparent success. Keeley, Gibson, and Pijoan,®® however, found no 
eletmtion of serum potassium in dogs which were burned. Black® has 
reported the finding of slight increases in chloride and potassium con- 
centrations with lowering of the bicarbonate and sodium. Tenery®® 
has studied the blood electrolytes in 8 severely burned patients, 3 of 
whom died. In these cases the plasma potassium rose slightly, the 
plasma chloride gradually fell, and the plasma sodium decreased mark- 
edly in spite of parenteral saline. The plasma potassium did not reach 
a to.xic level, and the changes in the sodium level did not follow the 
clinical course. Since 6 of these patients showed evidence of the toxic 
stage, it was concluded that changes in blood eleetrolytes are not 
responsible for the to.xic stage, though they must be considered in the 
general therapy of the patient. Harkins’*"^ and Tenery emphasized 
the fact that determinations of whole blood electrolytes in cases of 
severe burn are of little aid since these values will vary with change.s m 
the hematocrit because of the difference betrveen plasma and cellular 
concentrations. Lam®’ has recently presented an excellent review of 
the literature on the blood chemical changes found in burns. 

4. Scpftc Toxemia. This stage is generally admitted to be due to 
Ijacterial infection of the burned area, frequently with hemolytic strep- 
tococci; it is thought to begin when the temperature curve starts a 
septic swing, though Aldrich’” believes that it starts mucli earlier. In 
the past, infection of the burned area was the common and expected 
occurrence, but at present is becoming less frequent. 

This brings us to one of the most controversial subjects in the stiidr 
of burns, namely, the treatment of the burned area. 

Local Treatment. Almost everything in and out of the pharmacopeia 
has been used in the local treatment of burns. Because of the man> 
rariations presented by each indivndual case, the evaluation of tlur-e 
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agents is most difficult. Mortality statistics are e\'en less reliable than 
data obtained from a study of the systemic changes. 

The methods of local treatment in use today can be divided into 
four main types: 1, eschars; 2, wet dre.ssing or submersion; 3, dressings 
with various agents which do not form eschars; 4, immediate skin 
grafting of the third degree burns. 

] . Eschars. Certainly the introduction of tannic acid by Davidson^’"*" 
in 1925 Avas the greatest single advance in the treatment of burns, but 
this method has lieen greatlj' misused in that many have applied tannic 
acid to eA^ery burn regardless of the extent, depth, or location of the 
lesion. One has only to apply an escliar to the face on a single case of 
liurn to learn that this can cause almost unbearable pain Avith every 
slight moA'^ement of the facial muscles. After the first 2 or 3 days, fol- 
lowing injury the. patient becomes truly “The Man in the Iron Ma.sk.” 
LikeAvise an eschar applied around the anus is apt to become infected 
and require removal. This is not a condemnation of the eschar treat- 
ment of liurns. At present it is the most convenient method of handling 
a large body burn; hoAvever, any eschar has the disadA^antage of not 
being the most applicable method for permitting early skin grafting. 

Tannic acid alone has se\'eral disad\'antages, the more important of 
Avhich are: 1, the coagulum is brittle and tends to crack oA^er areas 
subjected to bending, thus allowing bacteria to enter beneath the coat; 
2, the eschar is quite stiff and tends to pull aAvay and curl in at the 
edges and thus alloAvs infection to enter; 3, the eschar is dense and 
fl\ud-proof so that underlying infection is at times masked; 4, several 
hours and many applications ai’e required to form the coagulum. 

. With these disadA'antages in mind and in an effort to eliminate infec- 
tion, Aldrich presented the gentian violet^" and later the triple-dye** 


treatments. This method eliminates all except the fourth disadA’^an- 
tage of tiinnic acid. Bettman* adAmcatcd the use of tannic acid plus 
silver nitrate as this forms an immediate eschar AAdiich is, if properly 
and promptly applied, UAore pliable than Avhen tannic acid is used alone. 
Branch® then recommended the use of gentian violet Avith sih^er nitrate 
Avliich makes a more pliable coagulum than that adAmcated by Bettman. 
Other eschar-forming agents adAmcated in the past are ferric chloride, 
horse serum, and picric acid. This latter is a7i e.vcellent agent except for 
the disadvantage that too many indiAuduals are sensitiA^e to the drug. 

I'he inorc recent addition to the list of eschar-forming agents is 
sulfadiazine in triethanolamine®® Avhich is said to produce a transparent, 
pliable eschar Avith the high antiseptic A'alue of the sulphonamides. 
This treatment ofi'ers some promise, although it has the great disadAmn- 
tage of requiring frequent applications over a long period before an 
e.schar is ol)tained. Pickerell states that preliminary cleaning AA'ith 
soup and Avater is unnecessary before application of the solution, but 
this might proA-e to be iiuAvise. This method has not been subjected 
to the Avide application as have other agents and needs further study 
before general adoption. 

2. Ifc/ Drrsfiings. In 1858 PassaA'ant®® introduced the continuous 
submension treatment; he advocated the use of a tub of Avater to be 
chanpal 3 times daily. Blair, BroAAm, and Hamm* in 1932 recom- 
mended the use of a daily tub bath of hypertonic saline, physioloeic 
sahne, or water. Lavender®® advised daily submersion in dilute green 
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soap solution ivith wet dressings of Burrow’s solution during the inter- 
vals. The use of such baths continuously for the first few days after 
burning is valuable but has the disadvantage of requiring special equip- 
ment if many cases are to be handled. Darrow^- has suggested that 
continuous or frequent bathing in hj’potonic solutions may deplete the 
body of sodium chloride as the raw surface permits diffusion into the 
water. Salt solution should be used to obviate this difficulty. Wet 
dressings with physiologic saline solution are especiallj^ useful on hand 
and face burns and on burns that ■w'ill require early grafting; however, 
this procedure requires added mu-sing care. Saline compresses are of 
undoubted value in the treatment of infected burns. 

Bunyan^”®-*’ has made use of coated silk envelopes which are sealed 
around the upper portion of burned extremities; and irrigation with 
electrolytic sodium hypochlorite solution is carried out 3 times daii.v 
through openings into the envelope. This treatment allows free move- 
ment of the hands and feet and makes possible frequent inspection 
without the painful procedure of removing dressings. Bunj-an has also 
devised coated silk coverings for treatment of other portions of the 
body. Hudson/^ Hannay*® and Pearson, Lewis and Niven-' have all 
reported excellent results by the use of the envelope on burns of the 
extremities. The method coidd be used without the hypochlorite solu- 
tion by substituting physiologic saline solution, with or without sul- 
fanilamide. 

3. Dressings With Agnnfs Which Do Not Form Eschars. In 1914 
Barthe de Sandfort^ introduced the paraffin wax treatment and this 
was in vogue until the introduction of tannic acid. Recently, there 
has been a trend to return to “grea.sy” applications. This has come 
about through the knowledge that the most virulent infections occur 
after the initial dressing and can be prevented if care is taken to prevent 
subsequent contamination. A definite advantage of this type of dress- 
ing is that it can be easily removed for early skin grafting of third 
degree burns. The essential technique of this method consists of co\'er- 
ing the wound with an ointment, gauze, and protective dressing after 
making the wound surgically clean by washing with soap and water; 
the inner layer of gauze should then be left in place 7 to 14 days unless 
evidence of infection appears. 

After a thorough cleaning of burns of the hand, ^Ulen” uses plain 
vaseline gauze with a voluminous gauze pressure dressings and splints. 
^lacCollum^ emphasized the point that an eschar on bums completely 
encircling the fingers may impair circulation since it does not allow for 
swelling of the fingers. For this reason he recommended an ointment 
gauze dressing especially for this type of burn. SteeP and others have 
advised cod-liver oil dressings because of the supposed vitamin stimula- 
tion of epithelization. It is still questionable whether this docs any good. 

The use of sulfadiazine in triethanolamine covered after the first 
application with sulfadiazine ointment gauztr® may offer a satisfactory 
method of treatment. Robson and Wallace^'’ have recommended the 
use of glycerin-sulfonamide-kaolin paste. Pearson, Lewis, and Niven" 
report excellent results on face bums by the use of sulfanilamide powder 
covered with tulle gras. _ 

After preliminary cleaning of infected burns of the e.vtremitie.' 
Roulston^ has cm-ered the involved area with vaseline gauze am 
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enclosed the extremity in a plaster mold; he reports excellent healing, 
freedom from pain, subsidence of infection, and no added limitation of 
joint motion when the plaster is removed. 

4. Immediate Skin Grafting. This procedure has a definite place in 
the treatment of small third degree burns as it will give the most rapid 
and best cosmetic result with a minimum of contracture. However, it 
is not always possible to know immediately which burns extend deeper 
than the hair follicle and sebaceous glands. It inflicts additional 
trauma in the extensiA'ely burned patient who is shocked and may soon 
enter the toxic stage and therefore should be reserved for those patients 
with .small burned areas who are in excellent shape. 

5. The ideal local treatment of burns should fulfill all of the following 
criteria: 

1. Bacterial contaminants should be removed, destroyed, or their 

growth inhibited. 

2. Subsequent bacterial contamination must be prevented. 

3. The treatment should be carried out with a single, non-shocking 

procedure so that disturbance of the patient will be minimal 

while the systemic reaction is most severe. 

4. The material applied to the burned area should not damage the 

living cells remaining, nor .should it be toxic if absorbed in the 

quantity necessary to cover any given burn, 

5. The burned area should be protected against trauma from 

brushing the bedclothes, and so on. 

G. The covering should not mask underlying infection. 

7. The covering should be easily removed so that early grafting 

can be carried out in the more extensive burns. 

8. The covering should require a minimum of attention and should 

facilitate rather than hinder nursing care. 

From the above one can see that there is still no ideal treatment 
which can be applied to all burns. Each case must be considered 
separately as an individual problem and one’s armamentarium should 
include several types of treatment. It is important that cleaning the 
area with soap and water and debridement of loose tissues should be 
carried out in all cases. This procedure can be done on most 'patients 
with the aid of narcotics alone, although occasionally general anesthesia 
may be required. 

R. Mayo Tenerv, M.D. 
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OCULAR LESIONS IN THE SARCOIDOSIS OF BOECK. 

It i.s as.sumed commonly tliiit tlic various forms of involvement of 
the uveal tract, iritis, iriclocycliti.s, uveitis, choroiditis, are loctil mani- 
festations of some systemic disease. The determination of the nature 
of the re.sponsible systemic disease in the individual case frequently is 
quite difficult and taxes the diagno.stic powers of both ophthalmologist 
and internist. Certain local features of the ocular disease may arou-se 
the suspicion of a specific etiology. Thus, most cases of iridocycliti.-^ 
which present nodules in the iris are suspected of being tuhcrculou.s. 
However, all cases of tuberculous iritis do not present nodules in the 
iris and all nodules in the iris arc not tuhereiilous in origin. Therefore, 
to reduce a.s far as po.ssihlc the number of cases of uveal disea.se in wIiuti 
the etiology is not determined, it is necessary for the oplitliahnologist 
and the consulting internist to be familiar with the rarer as well as 
with the more common .systemic causes of involvement of the uveal 
tract. For this reason, it seems worth while to call attention to the 
ocular manifestations of the systemic distribution of sureoidosisAvluch 
loo frecjuently is tlioughl of as a disease essentially of the .skin. 
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Longcope and Pierson” stated that the lesions of sarcoidosis are 
described in the literature under a great variety of names, such^ as 
“lupus pernio” (Besnier), "sarcoid” (Boeck), "benignes miliar lupoid” 
(Boeck), “Boeck’s sarcoid,” "benign lymphogranulomatosis” (Schau- 
mann), “ostitis tuberculosa multiplex cystoides” (Jiingling), “maladie 
de Besnier— Boeck,” and “ Hutchinson-Boeck’s disease.” The most 
characteristic features of the disease as listed by Longcope and Pierson 
are, in the skin, firm red, violaceous, or brownish swellings usually well 
demarcated from the surrounding skin; in the lungs, roentgenographi- 
cally, enlarged peribronchial lymph nodes, increased hilar shadows, a 
marbled reticulated appearance of the lungs resembling miliary tuber- 
culosis or pneumoconiosis, the infiltration extending, however, from the 
roots of the lungs toward the bases rather than toward the upper lobes 
and apices; in the bones, roentgenographically, areas of rarefaction and 
reticulation distributed through the medulla of the phalanges of the 
hands and feet, sometimes with irregular enlargement and distortion 
of the bones but without involvement of the periosteum or joints, these 
changes being expressed clinically in some cases by irregular enlarge- 
ment of the fingers, dorsal flexion of the last phalanx and subcutaneous 
nodules around the interphalangeal joints; and in the eyes, iritis or 
iridocyclitis and nodules in the conjunctiva. Practically any organ or 
tissue of the body may be involved, so that generalized enlargement of 
the lymph glands and of the salivary and lacrimal glands may be seen, 
the spleen and liver may be enlarged, and the mucous membranes of 
the nose, nasopharynx and larynx may be involved. In essence, the 
disease seems to be, as summarized by Longcope and Pierson, a chronic 
infectious granuloma, insidious in onset, persisting often for years. 


sometimes spreading slowly from one organ or tissue to another, fre- 
quently relapsing, seldom producing serious constitutional symptoms, 
resistant to treatment but at times healing spontaneously. In King’s'* 
opinion, “Boeck’s sarcoid is a generalized granulomatous disease involv- 
ing primarily the lymph nodes, the lungs, the bone marrow, and the 
spleen. IVhen the skin, the eye and other organs are involved, the 
condition maj^ be regarded as secondary.” Histologically, the charac- 
teristic lesion found in tissue removed for biopsy from the skin or lymph 
nodes is the so-called hard tubercle, a collection of large, poorly-staining 
epithelioid cells with a scanty marginal zone of lymphocytes, with a 
few giant cells of the Langhans type, and without caseation. Little 
direct proof can be furnished through skin tuberculin tests, through the 
demonstration of tubercle bacilli in the lesions, or through guinea pig 
inoculation studies that the lesions are truly tuberculous. In the 
lew cases that have come to necropsy, death has been caused appar- 
ently by miliary tuberculosis and the consensus seems to be that the 
disease is a peculiar benign form of tuberculosis. However, Snapper 
exj)resses his own opinion and that of several other students of the 
disease to the effect that “ Besnier-Boeck’s disease must therefore be 
considered as a peculiar reaction of the reticulo-endothelium with for- 
mation of pseudotubercles under inffuence of an unknown virus.” 

In most of the earlier reported cases of sarcoid the skin lesions were 
regarded as the primary if not the sole manifestations of. the disease 
It might be expected that the external structures of the eve would be 
involved rather frequently. However, only a few cases of sarcoid of 
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the eyelids, of the conjunctiva, and of the orbital tissues ha\-e been 
reported. In 1917, Derby and Verhoeff-* reported the removal of a 
small painless growth which was situated in the outer third of the lid 
and ran upward and inward under the orbital margin. Histologic 
e.xamination proved this growth to be a sarcoid. One discrete nodule 
of the same type was present on the cheek, but no mention was made 
of the presence of sarcoids in other parts of the body. At that time, 
Derby stated; “I have been unaide to find in ophthalmic literature 
any reference to sarcoid, and in a fairlj' extensive search in the literature 
of the disease I have not happened upon a case where involvement of 
the ocular structures v'as noted.” In 1937, Emsting® reported an 
almost identical growth which proved on removal to be a sarcoid of 
the Boeck type. This patient had Roentgen ray evidence of hilar 
gland enlargement and of sarcoid type infiltration of the lungs and also 
erythematous lesions on the anterior surfaces of the lower legs which 
proved on biopsy to be sarcoids of the Darier-Roussy type. Ernsting 
stated that Lehrfeld reported a case of sarcoid of the eyelid in 1927 
and that Friede, Coppez, and Blegvad had reported cases of conjunctival 
involvement. Blegvad- stated that he could find records of only 8 cases, 
including 3 of his own (1930). Blegvad described the lesions as small 
to large chalazion-like tubercles, one to many, studding the conjunctiva, 
or else clear yellowish speck-like follicles. In 1925, Igersheimer® re- 
ported sjTnmetrical tumors of the tarsal conjunctiva of both lower lids 
which had the histologic structure of Boeck’s sarcoid. He stated that 
Schoeppe had described in this disease small glossy nodules in the ocular 
and tarsal conjunctiva with small nodules in the tarsus itself and in 
the iris. In 1939, Walsh^ stated that "sarcoid of the eyelids has been 
described frequently. In this situation sarcoid may or may not iie 
associated nith in%'oIvement of the adjacent tissues, such as conjunctiva, 
extraocular muscles or orbital tissues,” He did not present references 
to support this statement but includes as an example of sarcoid a case 
which had been reported by Wilmer in 1933 under the title “ Tubercle- 
Hke nodules of the episclera and eyelids, bilateral.” The patient, a 
woman, aged 5G, presented painless, freely-movable lumps in the eye- 
lids and a mass in the subconjunctival tissue over the right internal 
rectus muscle. Within 2\ months all the masses had disappeared spon- 
taneously with the exception of one in the lower lid of the right eye. 
This was excised and showed the histologic picture of "hard tubercle 
eliaracteristic of sarcoid. In I of the 7 cases of sarcoidosis reported by 
King, a small firm nodular ma,ss under the conjunctiva projecting into 
the lower fornix from behind the globe pro\’cd histologically to be 
Boeck’s sarcoitl. In another case witli bilateral kerato-iritfe, a sarcoid 
was found in the skin of the eyelid. Recently (1941), Rosenbaum ' 
and Sniderman-® liave each reportcfi a case of histologically j)roven 
Boeck’s sarcoid of the lacrimal glands. In Rosenbaum’s case there v a.- 
enlargement also of the cerrical and inguinal lymph k-kIcs. In b'nider- 
man’s case there was also bilateral uveitis and enlarged hilar glands 
Roentgen ray. 

Perhaps of more general interest than these rather isolated instance.-^ 
of involvement of tlie c.xtcrnal ocular structures with powtiis or nodules 
of sarcoid type arc the lcsion.s of the uveal tract which can be demon- 
.strntcil to be a part pf the dis-^eminated picture of sarcoidosis. Kmg 
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stated tliat iritis occurs in 10% of the cases of Boeck’s sarcoid. In 
their monograph, Snapper and Ponipen'® stated: “One of the favorite 
sites of the disease is the eye; here dissemination of nodules in the iris 
and in the corpus ciliare explains the frequency with which symptoms 
of iridocyclitis are found in these patients. As a matter of fact, many 
of them first consult ophthalmologists and are diagnosed as tuberculous 
iridocyclitis. Careful general examination may then reveal the presence 
of other manifestations of Besnier-Boeck’s disease. Not uncommonly 
small nodules of Boeck’s disease can be discovered in the conjunctiva 
in the form of typical yellowish brown nodules.” In the series of 
13 cases reported in this monograph, iridocyclitis was noted five times, 
conjunctival nodules twice, and recurrent hemorrhages into the vitreous 
once. 

According to available statistics the actual number of cases of 
“sarcoid iritis” is not very great. King stated that Osterberg found 
26 cases of iritis among 400 cases of Boeck’s sarcoid. King noted also 
that in the 6| years preceding the publication of his paper, over 1700 
patients with various forms of chronic ocular inflammation had been 
tuberculin tested in the Howe Laboratory. In about two-thirds of the 
patients, the tests were positive. Among the remaining one-third of 
cases insensitive to tuberculin (amounting then to between 500 and 
(500), 7 cases were diagnosed as Boeck’s sarcoid. However, the relative 
infrequency with which cases of iritis or uveitis associated with sar- 
coidosis are reported in the ophthalmologic literature may well l)e 
accounted for by the suggestion contained in the remark of Snapper 
and Pompen that most of these cases are diagnosed by ophthalmologists 
as tulierculous. 

Some authors believe that the clinical appearaiices of tuberculous 
iridocyclitis and of sarcoid iridocyclitis are identical with small nodules 
in the iris, cloudy media, precipitates on the posterior surface of the 
cornea, and tendency to the development of posterior s>mechire, secon- 
dary glaucoma and complicated cataract. Osterberg thinks that, in 
general, the iritis of Boeck’s sarcoid is less painful, less destructive and 
less proliferative than tuberculous iritis, but that indi^^dual cases are 
difficult to differentiate. Blegvad states that iritis occurs in association 
with Boeck’s sarcoid in one of two forms or phases, the serous or the 
nodular. In the serous phase, the iritis has no special characteristics 
other than its frequent association with band-shaped keratitis. The 
nodular phase or form, however, has characteristics which should dis- 
tinguish it from tuberculous iritis. Tuberculous nodules in the iris 
are dirty white or slightly, yellowish, almost always quite round or oval 
w'ith smooth surfaces, and appear to come from deep in the his, shoAung 
aside the surface fibers. Vessels go around the nodules. When they 
resoh'e, residual spots of atrophy of the iris tissue remain. The nodules 
of Boeck’s sarcoid are often very large, are not smooth and round but 
have an irregular surface, are reddish-yelloAv in appearance and are 
traversed by a number of fine branching vessels. They are apparently 
firmer and harder than tuberculous nodules and may proliferate through 
(he sclera at the limbus. They have a spontaneous tendency to heal 
and disappear yithout trace, leaving no residual atrophy of the iris. 

King also notes the two types of iritis in sarcoidosis. He states that 
the serous type is characterized by slight ciliary injection, fine posterior 
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corneal precipitates and a moderate amount of cells in the aqueous. 
In the nodular tj^pe, the ciliary injection is more marked, the cornea is 
usually edematous and cloudy, the precipitates on the posterior surface 
of the cornea are larger and more numerous. In the iris, the nodules 
are apt to be few in number, are fairly discrete and are invaded by blood- 
vessels. They are smaller and more superficially situated tiian the 
nodules of tuberculous iritis. The clinical course is usually more lienign 
than in tuberculous iritis and healing may occur with complete resolu- 
tion of the nodules and often rvith little scarring and slight impairment 
of vision. However, the course of the iritis may be complicated l)y 
corneal opacification and the development of posterior synechiic and 
secondarj’^ glaucoma. In King’s opinion it is difficult to distinguish 
clinically between the ocular lesions produced by Boeek’s sarcoid and 
by tuberculosis, and the differential diagnosis depends usually on tiie 
identification of the disease process elsewhere in the body, biopsy of 
skin or Ijonph nodes, roentgenograph ic studies of the chest and Ijone.s, 
serologic studies and tests for allergy. Occasionally, the diagnosis is 
confirmed, as in one of King’s cases, by histologic study of a portion of 
the iris removed by iridectomy for the treatment of secondary glaucoma. 
In summary. King states that, “When characteristic changes are rc- 
\'ealed bj" biopsy of the skin, lymph nodes, or bone, and by .r-ray; wlien 
the Wassermann and tuberculin tests are negative and the constitu- 
tional symptoms are relatively slight, a diagnosis of sarcoid becomes as 
nearlj’’ positive as it can be with our present knowledge.” 

Onlj' occasional reports of involvement of other tissues of the eye in 
cases of Boeck’s sarcoid have appeared in the literature. Chorioretinitis 
has been mentioned occasionally but usually in association with irido- 
cyclitis. King mentioned the finding in sections of an enucleated eye, 
which he examined in conjunction with Verhoeff, typical sarcoid nodules 
in the retina and in the distal portion of the optic nerve. In 1935, 
Salvesen*' reported bilateral optic neuritis in a patient with Boeck’s 
sarcoid of the skin of the arms, infiltration of the lulus glands, renal 
insufficiency, fever, increased sedimentation -rate, achylia, .secondary 
anemia, and negative Wassermann and skin tuberculin tests. The opfic 
disks were grayish-red, blurred, and elevated 1 D. Vision was re- 
dueed to hand movements. Nine months later the disks were pale and 
the vision was 5/10 in the right eye and 5/30 in the left eye. In 1938, 
Rons’® reported the case of a girl, aged G years, with bilateral iiveiti.s 
and benign lymphogranulomatosis, the diagnosis being e.stablished by 
l)iops.v of a lymph node. Later, there developed bilateral choked disks 
of 1 D, drowsiness, three attacks of generalized convulsions, and tran- 
sient paresis of the right arm and leg. The spinal fluid was under 
increased pressure and contained increased cells and protein. The 
girl’s condition improved gradually. 

In 1931, Bcis and Rotlifeld’^ described tlie case of a 17-vcar-oUl gul 
with headache and vomiting, skin sarcoids of the Darier-Roussy t.vp’’ 
(confirmed by histologic examination), negative Wassermann, negative 
von Pirquet and ^lantoux tests, and roentgenographic evidence of 
osteitis cystica tuberculosa (Jiingling) and of enlarged hilus glands ami 
of infiltration of the apex of the right lung. There was bilateral exopli- 
tlialmos greater in the left eye. The vision was ability to count fingem 
at IG inches in the right eye and «i7 in the left eye. Ophthalmoscopic 
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examination revealed in the right eye a choked disk of 5 D with secon- 
dary optic atrophy and in the left eye a white tumor mass occupying 
prakically all the retina under the retinal vessels and projecting 20 D 
into the vitreous. There was slight weakness of the right leg and 
bilateral positive Babinski’s. Tire spinal fluid showed increased protein. 
Later, the patient developed loss of memory and mentality and epilepti- 
form convulsions and died in an epileptiform attack. Necropsy re- 
vealed at the base of the brain a flat, translucent, yellowish, hard infil- 
tration around the infundibulum, chiasm, and both optic nerves, ex- 
tending back to the cerebral peduncles and laterally under the temporal 
lobes, greater on the left. The floor of the third ventricle was markedly 
infiltrated. Generalized tuberculosis in various stages was found in 
other organs and tissues. The left optic nerve was markedly en- 
larged, the sheaths edematous and matted together with local infiltra- 
tions of small cells and proliferation of connective tissue with some 
blood-vessels. The walls of the blood-vessels sho\ved hyaline degenera- 
tion or infiltration with lymphoid cells. There were several varying- 
sized foci of epithelioid cells with marginal zones of lymphocytes with- 
out giant cells, necrosis or caseation. The tumor mass consi.sted ap- 
parently of tuberculides somewhat altered by edema. 

One of the patients in a series of cases reported by Walsh in 1939 
showed, in the right eye, slight pallor of the disk with numerous super- 
ficial discrete white dots in the paramacular area with a tendency to 
perivascular arrangement, and in the left eye, uveitis with marked 
atropiiy of the optic nerve and white spots scattered throughout the 
fundus. There were bitemporal field defects, but a normal sella. One 
year later, a mass elevated 8 D was present in the choroid of the left eye. 
It was considered to be tuberculous. Nine years later there Avas marked 
optic atrophy in the right eye Avith contraction of the temporal part of 
the field of vision; the left eye Avas phthisical. The patient had devel- 
oped diabetes insipidus, but roentgenographs of the head Avere still 
normal. The left eye was enucleated and the mass in the choroid 
jU’OA'ed histologically to be a sarcoid tumor. Walsh also mentioned a 
cAse of Vandergrift’s, as yet unreported, Avith bilateral papilledema and ' 
sarcoid masses in the brain and meninges. 

Aside from the cases mentioned aboA'e, there are A’^ery fcAV reports 
of involvement of the nervous sy.stem in association with Boeck’s sar- 
coid. According to Boos and SaNesen, Boeck himself mentioned the 
presence of ane.sthesia oA’er the ulnar distribution in one arm of one of 
his patients; Nazza mentioned pain, loss of sensation, muscular paresis 
and atrophy in the arms and legs proA'ed at necropsy to be due to 
sarcoid nodules in the ner\'es; Urban and Winkler found infiltrations 
around the cutaneous ner\'es. 


Perhaps more frequent in occurrence than the typical “sarcoid 
iritis” and certainly more frequently reported in the literature are cases 
of so-cidlcd “uveoparotid fcA-er,” “ UA-eoparotid tuberculosis,” “uveo- 
parotitis” or “Heerfordt’s disease.” As stated by Longcope and Pier- 
son, the syndrome of uveoparotid fever consists of bilateral uveitis and 
parotitis preceded or accompanied in the early stages bv fcA-er Later 
the disease becomes chronic, the fever usually subsides and other 
symptoms appear. After many months, recovery usually takes place. 
1 aralys\s of the facial nerA-o is .said to accompany the swelling of the 
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parotid gland in about one-third of the patients, and in one-half of 
these the facial paralj^sis is bilateral. Pareses of other cranial nerves 
may occur or more distant parts of the nervous system may be affected. 
There maj" be swelling of the submental, submaxillary and cervical 
lymph nodes. Occasionally, there are associated skin lesions of varying 
types, including erythema nodosum. In a few cases, roentgenograms 
of the chest show increased shadows in the mediastinum or at the roots 
of the lungs. 

Most of the articles on the subject of uveoparotid fever present 
essentially reports of one or a few cases. However, Savin** presents an 
analysis of the sjTuptoms and findings in 67 cases. The two sexes are 
almost equally affected and the disease can occur at essentially any 
age, though it appears most commonly betrveen the ages of 10 and 30. 
It starts usually with parotid swellings or iritis, but the initial sjnnptom 
may be a facial or other paralysis or erj'thema nodosum. The parotid 
swellings are painless, may last from G weeks to 2 years, and do not 
suppurate. The iritis is at times nodular in type and precipitates on 
the posterior surface of the cornea are present frequently. Occasionally 
conjunctixdtis is present and, rarely, transparent nodules are found on 
the ocular and palpebral conjunctiva. In some cases, keratitis has been 
reported, in 7 cases optic neuritis, in 10 cases opacities in the vitreous 
and in a few cases choroiditis and hemorrhages in the retina. Faciid 
paralysis occurred in 20 cases and was bilateral in 9. In scattered cases, 
ptosis, diplopia, paralysis of the soft palate and of the recurrent laryn- 
geal nerve, and p.olyneuritis of the peripheral type have been reported. 
Fever was present in 16 cases, erythema nodosum or other skin lesions 
in 16 and pulmonary tuberculosis in 10. The facial palsy so common 
in these cases may or may not be due to pressure on the nerves by the 
parotid swelling. That it is not is suggested by the order of occurrence 
of the lesions in a case reported by Muirhead.'* First, iridocyclitis 
with secondary glaucoma of the right eye; 2 months later, iridocyclitis of 
the left eye; 2 weeks later, right facial palsy; 2 months later, left facial 
palsy, and 1 month later, bilateral parotitis. According to Tait,-* the 
uveitis is insidious and painless in its onset. It is characterized by the 
production of a typically adhesive exudate, readily producing posterior 
synechiic of considerable strength and permanency. There are profuse 
coarse deposits on the posterior surface of the cornea. The vitreous may 
contain numerous opacities. Secondary glaucoma may develop. In 
other cases, the iritis may be of nodular type. McCulloch'- states that 
the nodules in the iris are small, pale and gelatinous-looking and occur 
usually at the pupillary margin or on the collarette, occasionally at the 
ciliary margin. 

Arbuse and Madonick* list the symptoms of uveoparotid fever under 
five headings: 1, prodromal — general malaise, weakness, lassitude, 
drowsiness, anorexia, gastro-intestinal upsets, loss of weight, puflines-s 
of eyelids, long-continued dryness of mouth, dysphagia, cough, night- 
sweats, pain in the chest, abdomen or joints, paresthesias, polyuria 
without glycosuria, paralysis of other cranial nerves besides the facial, 
low-grade temperature; 2, glandular— involvement of the parotid.s, 
painle.ss, non-suppurativc, is constant; at times enlargement of flic 
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submaxillary, sublingual, lacrimal, cervical and hilar glands; 3, ocular- 
involvement of the eyes is always present but may vary in type; iritis, 
cyclitis, or uveitis usually, conjunctivitis, corneal herpes or other forms 
of keratitis, opacities in the aqueous or vitreous, chorioretinitis, hemor- 
rhages in the retina, optic neuritis or atrophy, neuroretinitis, glaucoma 
(secondary), and cataract (complicated) occasionally; (4) neurologic — 
50% of the cases present some abnormality of the nervous system; 
facial paralysis is most common; peripheral neuritis, ptosis, involve- 
ment of the sensory part of the fifth nerve, dysphagia, loss of taste, 
hallucinations, meningeal signs, delirium, hypersomnia, convulsive 
seizures may occur; the spinal fluid may show an increase in cells and 
protein content; 5, other manifestations— diabetes insipidus, erythema 
nodosum, xerodermia, papulonecrotic tuberculides, polyarthritis and 
amenorrhea may occur; the electrocardiogram may indicate myocardial 
involvement. 

Levin^“ listed the neurologic manifestations of uveoparotid fever as 
follows: edema of the optic disks (at times), partial ptosis, diplopia 
without complete oculomotor paralysis, involvement of the fifth nerve 
(sensory portion), the seventh (most common, a peripheral type of 
neuritis not always due to parotid swelling), the eighth, the ninth or 
the tenth nerve, peripheral neuritis, diabetes insipidus (rather frequent), 
hypersomnia, pyramidal tract. involvement (1 case), ataxia, headache 
and vomiting, mild increase in the cell and protein content of the spinal 
fluid. He stated that the usual course of the disease is toward gradual 
recovery with postiritic residuals. 

This, then, would seem to be a disease with protean manifestations, 
there being only two requisites for the inclusion of a case in the group, 
parotitis and some form of ocular involvement, usually uveitis. At the 
outset, Heerfordt’s disease was considered to lie a distinct entity in 
itself, but, recently, it is being recognized more and more widely that 
so-called “ uveoparotitis ” is only another . manifestation of benign 
lymphogranulomatosis and that it is essentially the same disease as 
sarcoidosis, but with its most striking symptoms in the eyes and salivary 
glands rather than in the skin, lymph nodes and lungs. Longcope and 
Pierson stated that the histologic changes in the lymph nodes and 
parotid glands in cases of uveoparotid fever are almost precisely the 
same as in sarcoid, miliary epithelioid tubercles with occasional giant 
cells and with almost complete absence of necrosis or caseation. Garland 
and Thompson® recognized the same histopathology in this disease but 
considered the lesions to be tuberculous. They stated: “In one of 
Heerfordt’s cases, a resected portion of the iris showed typical tubercu- 
lous lesions histologically— endothelial cells, lymphocytes, giant cells 
without caseation or tubercle bacilli. ... In all cases in which biopsies 
have been performed, whether from the parotids or from the irides, the 
histologic features have been exactly similar, namely, an endothelial 
fibrosing tuberculosis in which caseation is absent and tubercle bacilli 
arc not found.” One of their patients, a woman, aged 28, with bilateral 
parotitis, bilateral iridocyclitis and uveitis and peripheral neuritis 
showed at necropsy miliary tuberculosis involving the lungs pericar- 
dium. myocardium, parotid and submaxillary glands, peritoneum liver 
kidneys and uterus. 
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Bruins Slot, Goedbloed and Goslings^ reported a group of 0 cases of 
uveoparotitis and of Boeck’s sarcoid in whiqli there was a definite inter- 
mingling of sj-mptoms in the individual cases. They gave as their 
opinion that the syndrome of Heerfordt is part of the syndrome of 
Besnier-Boeck. This opinion is supported, they think, by the histo- 
logic changes in the skin, lymph nodes, parotid glands and lacrimal 
glands. Walsh stated: “It seems unnecessary further to labor the 
point that uveoparotid fever and sarcoid are similar diseases and may 
be different manifestations of the same disease.” King stated: "Paro- 
tid gland enlargement, which occasionally occurs in Boeck’s sarcoid, 
was found in conjunction with uveal involvement in 2 of my cases. 
Uveoparotitis and Llikulicz’s syndrome may both be manifestations 
of Boeck’s sarcoid.” With-^ stated that uv'eoparotid fever might be 
regarded as a special localization of benign lymphogranulomatosis. 
He advanced in support of this contention the following arguments: 
1, the histology is the same — foci of epithelioid cells, few giant cells and 
little or no necrosis; 2, the bacteriology — prevailing inability to find 
tubercle bacilli in the tissues and to recover them by culture or by ani- 
mal inoculation: 3, the glandular enlargements — which may involve 
any part of the body but are most frequent in the neck and at the hihis 
of the lungs ; 4, infiltrations of the skin of the lupus pernio type have 
been seen in a number of cases of uveoparotid fever; 5, sarcoid may be 
limited to the sali\'ary glands and the lacrimal glands with involvement 
of the uvea; and 6, tuberculin reactions are negative in a high per- 
centage of cases. The greatest point of difference bet^veen sarcoidosis 
and uveoparotid fever lies in the frequeney of involvement of the 
nervous system. Gronblad’ is endeavoring to prove that Mikulicz’s 
syndrome, uveoparotid fever and keratoconjunctivitis sicca (Sjogren) 
are all manifestations of sarcoidosis. Waldenstrom,-- who mentioned 
that uveoparotitis may simulate encephalitis lethargica, stated that 
three characteristics, the tubercular structure without caseation, the 
large percentage of tuberculin negative cases, and the small number of 
cases in which tubercle bacilli are found in the lesions, immediately 
associate uveoparotid fever with another type of granuloma, the so- 
called morbus Besnier-Boeck.” It must be regarded as highly proijable 
that many cases of typical Mikulicz disease with fibrosis and round cell 
infiltration also represent late stages of the same amitomic process. 
Waldenstrom expressed the belief that this process, a universal benign 
tuberculoid granulojna, is tlie cause for a great variety of ch’nipd 
pictures, Besnier-Boeck’s disease, lupus pernio, many cases of IMikulicz 
disease, uveoparotid fever, and cases of so-called encephalitis lethargica 
with parotitis. 

As has been stated previously in this review, there is a widespread, 
but as yet unwarranted, tendency among writers on sarcoid and on 
uveoparotid fever to regard both these diseases as unusual or l)cnign 
forms of tubercidosis. So far, however, it lias not been po.ssii)ie to 
prove definitely the tuberculous etiology of these lesions. ^lany of the 
arguments in favor of tliis view are based on the finding at necrops}’ of 
miliary tuberculosis in a patient who has presented earlier clinical 
evidence of sarcoidosis or uveoparotid fe\'cr. Horton, Lincoln and 
Pinner (cpioted by King) report 4 eases of “non-<-aseating tuberctdosi' 



I'llYSIOLOCn' 


309 


(type; Boeck’s sarcoid),” in 2 of which active uveitis was present and 
in 1 chorioretinitis and irid'ycyclitis. In ^ case at necropsy, caseating 
lesions of miliary tuberculosis were found and they, therefore, suggest 
that the sarcoids of Boeck represent a non-caseating phase of tubercu- 
losis. A possible explanation for the absence of tubercle bacilli in these 
“ non-caseating tubercles” is furnished by the studies of Kyrle (as noted 
by King). In experimental tuberculous lesions of the skin, Kyrle found 
that bacilli were abundant during the first 10 days after injection into 
the skin but had practically disappeared at the end of 5 weeks. At this 
time the typical histologic picture of sarcoid was present. Kyrle thinks, 
therefore, that sarcoid is a distinct type of foreign body reaction to 
tubercle bacilli and their disintegration products. 

The evidence both for and against the tuberculous etiology of Boeck’s 
sarcoid has been well summarized by King. It seems hardlj’^ necessary 
to repeat this evidence in detail in the present review. Those who are 
particularly interested in this phase of the subject can refer to his 
original -article. Suffice it to say here that King is inclined to believe 
that the evidence against the tubei’culous etiology is the more conclusive. 

Henry P. Wagener, M.D. 
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Roentgen-ray Diffraction Studies in lodinated Amino Acids and 
Proteins. M. Spiegel-.Adolf, U. H. Hamilton, Jr., and G C 
Hkxny (Department of Colloid Chemistry, D. J. AlcCarthy Founda- 
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tion, the Departments of Biochemhtry and Physics, Temple University 
School of Medicine). In order to decidj^' whether “the process of 
iodinating of the protein also changes the"molecular configuration so 
as to produce physiologic actiruty” (Salter), Roentgen ray diffraction 
pictures by the powder method were taken from t;swosine, 3,5-di-iodo- 
tyrosine, 3,5-di-iodo-thjwonine, thjwo\ine, thjwoglobulin, casein, iodo- 
casein, and plastein derived from the latter substance. The Roentgen 
ray diffraction patterns show that the iodination of tyrosine and 3,5^i- 
iodo-thyronine brings forth noticeable changes in the diffraction pat- 
terns of the resulting substances 3,5-<Ii-iodo-tjwosine and thjTOxine. 
Two diffraction rings (corresponding to spacings of 4.36 and .5.03 xl°) 
are strong in tjwosine and weak in the .3.5-di-iodo-tjTOsine diffraction 
pattern. Conversely, at least two new diffraction rings, non-existing 
in tyrosine (corresponding spacings at 3.92 and 13 A°) become manifest 
in 3, 5-di-iodo-tjTOsine and persist in di-iodo-thyronine and thjToxine. 
At least five of the 3,5-di-iodo-thjTonine rings (corresponding spacings 
at 2.12, 2.37, 2.60, 3.04, 5.57 A°) are absent in thjToxine which alone 
shows a diffraction ring corresponding to a spacing of 3.62 A°. Effects 
of iodine presence can be detected neither in thjToglobulin nor in iodo- 
casein. The Roentgen ray diffraction pattern of plastein differs from 
that of the mother-substance in width of the side-chain and sharpness 
of the backbone reflection. 


An Immunologic Investigation of the Mechanism of Glomerulo- 
nephritis. C. F. Kay, P. F. Lucchesi, and R. B. Rutherford (Depart- 
ment of Medicine, University of Pennsylvania and the Philadelphia 
Hospital for Contagious Diseases). A synopsis of past and present 
concepts of the mechanism by which acute glomerulonephritis develops 
was presented. The relation of certain types of experimental glomerulo- 
nephritis to these concepts was briefly discussed. Experiments were 
devised to determine whether patients with scarlet fever develop -anti- 
bodies to human renal antigens or streptococcal toxin digests of renal 
tissue, or whether an unspecified, circulatory antigen could be demon- 
strated to be present early in the disease by the development of specific 
antibodies at a later period. Complement fixation and precipitative 
methods were applied to the sera of 78 patients with scarlet fever. 
The results of these studies were completely negative. These experi- 
ments did not support the hypothesis that glomerulonephritis develops 
as a result of an antigen-antibody reaction. They pertained especially 
to the recent concept that the antigen concerned may be absorbed or 
combined with kidney cells or may be kidney cells themselves. Rcason.s 
are given why the results of this experiment cannot be taken to c.xcliidc 
the jiossibility of such a mechani.sm. 


The Use of Sulfonamides in the Prevention of Experimental Brain 
Abscesses. G. M. Marklev (Harrison Department of .Surgical 11c- 
scarch. University of Pennsylvania). Tiie purpose of this paper is to 



PHYSIOLOGY 


311 


report the results on the use of the sulfonamides in the prevention of 
the experimental brain ab&?j3s. 

The technique for abscess production was the same as previously 
reported except the dose of the bacterial inoculum was increased. 

The dose of sulfanilamide, sulfapyridine and sulfathiazole was 0,5 gm. 
per kilo daily in a single dose by mouth, and that of sulfadiazine was 
0.25 gm. per kilo daily. All treated dogs received a course of 5 days 
of treatment. Determinations of blood concentrations of the various 
drugs were made daily before the administration of an additional dose. 
Control experiments were run simultaneously with treatment experi- 
ments. 

Results: Sulfanilamide protected G6%, 100% and 75% of the dogs 
inoculated with pneumococcus Type III, iSfap/(. aureus and Strc]). 
hemohjticus respectively. Sulfathiazole protected 33%, 75% and_75% 
respekively. Sulfadiazine protected 100 %, 75 % and 50 % respectively. 
Sulfapyridine protected 100% of the dogs inoculated with pneumo- 
coccus Type III when treatment began before 12 hours after inoculation 
and 75% of the dogs Avhen treatment began 17 hours after inoculation. 
It protected only 20% of the dogs inoculated with streptococcus and 
was not used against Slai)h. aureus. 

The mean blood concentration of the various drugs of the treated 
dogs which died was in every instance within the range of the mean 
blood concentration of the surviving dogs, except for those dogs recei^'^- 
ing sulfadiazine. Even so these dogs maintained a mean blood con- 
centration of 20.8 mg. per 100 cc. until the time of death. 

Sulfadiazine proved least toxic in these experiments. 

Conclusions: 1, Sulfonamide therapy is effectual in preventing pyo- 
genic brain abscesses following injection of pneumococcus Type III, 
Slapit. aureus, and Strej). hcinolyiicus into a cerebral area previously 
traumatized. 2, Sulfonamide therapy should be begun early. 3, Sul- 
fanilamide and sulfadiazine were found to be the most effective com- 
pounds. 


The Influence of Certain Commonly Used Drugs on the Rate of 
Gastric Emptying in the Normal Human Subject as Determined by an 
Intubation Technique, (Atropine, Morphine, Benzedrine, Prostigmine, 
Nitroglycerine, Syntropan, Mecholyl, Ergotamine Tartrate and Sodium 
Bicarbonate.) Jakrett H. Folley and W. Oslee Abbott (Gastro- 
intestinal Section, Hospital of the University of Pennsylvania). The 
gastric emptying time, as determined by roentgenoscopy under normal 
circumstances and as affected by drugs, has been frequently deter- 
mined; but the gastric emptying rate has been more often guessed at 
than measured. After injecting 500 cc. of dilute milk into the stomach 
of normal adults it has been possible to quantitate the emptying rate 
by aspirating, measuring and reinjecting the gastric contents everv 
10 minutes until 90 % of the initial volume has disappeared. Repeat- 
ing this procedure 14 times on 5 subjects a total of 70 experiments has 
been performed, 15 of them controls, 55 exemplifying the effect of vary- 
ing doses of atropine and of clinical doses of morphine, benzedrine 
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prostigmine, nitroglycerine, “syntropan,” “ raecliolyl,” ergotamine tar- 
trate and sodium bicarbonate. Although expected side effects were 
noted assuring us of the potency of the drug, the results show no sig- 
nificant difference save after morphine when the emptying rate was 
slowed. 


Notice to Contributors. Manuscripts intended for publication in the Asieric.^.v 
Journal of the Medic-al Sciences, and correspondence, should be sent to the 
Editor, Dr. Edw.ard B. Kbujtbhaar, School of Medicine, University of Pennsylvania, 
Philadelphia, Pa. 

Articles are accepted for publication in the A.mbricaN Journal of the Medical 
Sciences exclusively. 

All manuscripts should be typen-ritten on one side of the paper only, and should lie 
double spaced with liberal margins. The author’s chief position and, when possible, 
the Department from which the work is produced should be indicated in the subtitle. 
Illustrations accompanying articles should be numbered and have captions bearing 
corresponding numbei-s. For identification they should also have the author’s name 
written on the margin. The recommendations of the American Medical Association 
Style Book should be followed. It is important that references should bo numbered 
and at the end of the articles, arranged alphabetically according to the name of the 
first author and should bo complete, that is, author’s name, journal, volume, page 
and year (in Arabic numbers) . 

Return postage should accompany all manusciipts but will be returned to the 
author if the manuscript is accepted. 

Two hundred and fifty rejirints are furnished gratis — with covers if over 4 pages; 
additional reprints may be had in multiples of 250 at the expense of the author. 
They should bo asked for when the galley proofs are returned. 

Contributions in a foreign language, if found desirable for the Journal, will bo 
translated at it.s expense. ' 



THE 


AMERICAN JOURNAL 

OF THE MEDICAL SCIENCES 

MARCH, 1942 

ORIGINAL ARTICLES. 

AUTO-HEMOLYSINIC ANEMIA WITH AUTO-AGGLUTINATION: 

IMPROVEMENT AFTER SPLENECTOMY. 

By Edwaud H. Relsner, Jr., M.D., 

HOUSE PHYSICIAN 
AND 

Mennascii Kalicstein, M.D., 

ASSISTANT VISITING PHYSICIAN, BELLEVUE HOSPITAL, 

' NEW YORK, N. Y. 

(From the Fourth Medical Division, Dr. Charles H. Nammack, Director.) 

The acute hemolytic anemias may be classed in several groups 
according to etiology. Among the more obscure of these groups is 
auto-heniolysinic anemia, e. gr, acute hemolytic anemia due to the 
action of auto-hemolysins arising apparently spontaneously within 
the body. We have recently had opportunity to obser\;e such a 
case, which presented, in addition to the criteria necessary for the 
diagnosis, certain other features of unusual interest, which it is the 
aim of this paper to discuss, along with a review of the literature 
the subject of auto-agglutination. 

•' Immunology and Biochemistry. Since there is considerable confu- 
sion concerning the nature of auto-agglutination and auto-hemolysis, 
a few definitions and general remarks are in order. Hetero-agglu- 
tination is the clumping of the blood cells of one species by the 
serum of another species; iso-agglutination, the clumping by the 
serum of a different individual of the same species; auto-aggluting- 
tion, the clumping of an individual’s cells by his own serum. The 
cause of the confusion is that the auto-agglutinins when they occur 
in human serum act, not only on the individual’s own blood, but 
also on all other human blood so that they are really pan-agglutinins. 
Since they act on the blood of individuals other than the person 
from whom they are derived they are confused with iso-agglutinins. 
However, that the action on the individual’s cells and other red cells 
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as Avell, is due to a single agglutinin, is shown by the observation 
that the agglutinin can be absorbed out, not only by the patient’s 
cells but by any human blood cells. 

The reaction of auto-agglutination is accelerated by cold and re- 
tarded by heating and in most cases is reversible at 37° C. It is 
not to be confused vdth the exaggerated rouleau formation and 
clumping— pseudo-agglutination, observed in acute infections, or 
hyperproteinemia where the erythrocyte sedimentation rate is ac- 
celerated.^®’-'*” It is a true antibody reaction and it can be demon- 
strated that the antibodj’’ is adsorbed by the cells. 

The source of auto-agglutinins is not clear. Landsteiner and 
Levine believe that auto-agglutinins acting only at low temperatures 
exist in most normal human sera and that under certain conditions 
their titer may become high enough to operate at higher tempera- 
tures.^^ As pointed out above, these are non-specific agglutinins. 
What conditions may cause such a rise in the normal auto-agglutinin 
titer? Some light can be thrown on this question by reviewing the 
conditions in which auto-agglutination has been observed. A pecu- 
liar t;vq3e of auto-agglutination and auto-hemol3’'sis occurs in par- 
oxysmal hemoglobinuria sometimes encountered in congenital lues. 
Auto-agglutination has been observed, frequently in hemolytic 
icterus, in trypanosomiasis, severe anemias, occasionally in pneu- 
monia and even in apparently normal individuals. j\Iore recently 
it has been reported in hemolytic anemia following sulfanilamide 
therapy^ and acute hemolytic anemia due to lead poisoning.® 

In discussing the pathogenesis of acute hemolytic icterus, Dame- 
shek and Schwartz® attribute the disease to the spontaneous forma- 
tion of e.xceptionally potent auto-Jiemolysins and therefore believe 
that this disease in many instances is a hemolj'sinic anemia. They 
offer no explanation for this sudden formation of auto-antibodies. 
According to Wiener,®^'' on the other hand, the auto-antibodies are 
a symptom and a result of the disease rather than the cause. He 
believes that under certain conditions wliich may bring about a 
sudden massive destruction of the patient’s own blood cells, 
cells can act as an antigen and stimulate the formation of auto, 
antibodies, just as occasionally, transfusions of Rh-f blood into 
Rh— patients may stimulate the formation of anti-Rh iso-anti- 
bodies.®® When onb' a small amount of liemolysis occurs the 
reticulo-endothelial system can take care of the effete cells, but when 
Large amounts of blood are de.stroyed the accessory' mechanisms of 
auto-antibod.v formation are brought into play. However, this 
process sometimes initiates a vicious circle since the auto-antibod ics 
may dispose not merely of the effete cells, but hemolyze liealtliy 
cells as well, and these newly destroyed cells act as a stimulus to 
more antibody formation. A process similar to this may have taken 
place in the case herein reported. A similar concept was advanm 
bv Guillain and La Roche in 1909,“ who described the occurrence 
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in seruin and spinal fluid of auto-agglutinins and auto-hemolysins 
following post-traumatic bleeding into the meninges.* 

According to the Unitarian hypothesis, hemolysis and agglutina- 
tion are due to the action of the same antibody under different con- 
ditions. This is indicated by adsorption experiments in which 
agglutinin and hemolysin are removed together. There is also a cor- 
relation between the titer of hemolysin and agglutinin. Hasser^^ 
showed that if old cells were used normal iso-hemolysins for each 
blood group could be demonstrated almost as easily as iso-agglu- 
tinins. Therefore, we believe that although they may not always 
be found without special examination, auto-agglutinins are likely 
to occur in most cases of auto-hemolysinic anemia, and conversely, 
the presence of auto-agglutination in such cases may be so marked 
as to interfere with the satisfactory in vitro demonstration of auto- 
hemolysins. We belie\'e it more satisfactory to regard these anemias 
as being due to an auto-antibody reaction. 

Efforts have been made by some authors to explain auto-aggluti- 
nation on the basis of alterations in the chemistry of the blood, 
particularly with reference to the blood proteins. Thus, this phe- 
nomenon is noted as occurring with great frequency in acute infec- 
tions, multiple myeloma^® and other conditions. However, as 
pointed ouj above, in these conditions the sedimentation rate is 
greatly accelerated and the red cells have an exaggerated tendency 
to rouleaux formation, and it is our belief that these instances repre- 
sent pseudo-agglutination and not true auto-agglutination. 

Rcvieto of the Literature. Following the discovery of Ehrlich and 
Morgenroth that a specific antibody reaction could be produced by 
inoculating a goat with red blood cells from another goat, and the 
studies on the mechanism of antibody reactions by the same authors, 
Bordet, Widal, and others, the way was cleared for the recognition 
of similar and allied phenomena in man. Experimental efforts to 
produce hemolytic anemias in animals were accompanied by the 
search to discover cases in man in which hemolysins and hemo- 
agglutinins could be recognized as being related to clinical anemia. 
Although the classification by Landsteiner of the normal iso-aggluti- 
nins in human blood was made in 1901,^^ this work did not receive 
wide notice until it was repeated by Jansky in 1907 and h'loss in 
1910. The cases reported by observers prior to 1910 as represent- 
ing auto-hemolysis and auto-agglutination are, in many instances, 
either obviously cases of iso-antibody reactions or else open to 
strong doubt. 

* In addition, it appears possible that there may also arise specific auto-agglutinins 
in view of the antigenic properties of rod blood corpuscles, Koepplin reported 
2 cases with auto-agglutinins, M with pernicious anemia and H with paroxysmal 
hemoglobinuria and hemolytic anemia.‘=*> Anti-M’s red blood cell dog serum was 
sho^yn to agglutinate only M’s and H's red blood cells and no other human red cells, 
oniilarly, anti-H’s red cell serum acted only on H’s and M’s cells. Furthermore, after 
having agglutinated either one’s cells, such sera lost the power to act on the other’s. 
As yet, no one has confirmed Koepplin ’s work. 
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The earliest instance that we can find reported in man' was in 
1890, but it is not well substantiated.® The first case to be described 
of an auto-hemolysin which was related to an acute hemolytic ane- 
mia in man was reported by Chaulfard and Vincent in lOOD.-* An 
exhaustive review of the reported cases since then has been made 
by Dameshek and Schwartz in the past year.® In 1908 Widal, 
Abrame and Brule, discussing the differential diagnosis of con- 
genital and acquired hemol.ytic icterus, stated that the latter was 
characterized by the presence of auto-agglutinins which were not 
present in the former, quoted 4 cases, and later described a fifth.=’' 
It is noteworthy that very few' other authors of this time reported 
auto-agglutinins, although several reported auto-hemolysins. Sev- 
eral cases of auto-agglutinins then reported appear to us to be more 
likeh' iso-agglutinins and have therefore been omitted from this 
review'. 

Since then several cases of auto-agglutination in severe anemias 
due to various causes have been reported. Roth reported 1' case 
w'ith pernicious anemia.®® Bo.xwell and Bigger® reviewing the prob- 
lem reported 22 cases in a search of the literature up to 19.31, of 
which 11 suffered from severe anemias, and some of these had syn- 
dromes similar to an acute hemolytic anemia. In 1935 ICoepplin” 
reported a case of auto-agglutination w'ith pernicious anemia and 
another with acute hemolytic anemia'^ and also reviewed the litera- 
ture reporting 15 additional cases. We ha\'e discovered reports of 
cases in the recent literature by Masters ei o/.*® (2 cases), Patterson 
and Smith,^® Giordano and Blum,® Watson®® (2 cases), Greenwald,'® 
Antopol, Applebaum and Goldman^ (2 cases followdng sulfanila- 
mide); Gray, Greenfield and Lederer® reported a case following 
several transfusions for an acute hemolytic anemia due to lead 
poisoning. Avoiding duplication where possible, this makes a total 
of 54 cases of auto-agglutination in an e.xtensive (though by no 
means complete) search of the literature. Undoubtedly this phe- 
nomenon is overlooked in many cases, unless its presence is revealed 
by difficulty in cro.ss-matching or some transfusion accident. 

Case Report. Tliis was the finst admission of a 43-year-old Cliinose 
restaurant cashier. Tlie famib' historj' was negative for anemia or icteru- 
as far as coxdd be ascertained. The past liistoiy was negative. The present 
illness began about a year before admission with migratorj' jxolj'arthntis 
of the fingers, hands, shoulders, knees and feet. In June, 1940, the patent 
sought medical attention and was admitted to the Hospital for Joint Diy 
eases by Dr. B. The positive findings at this time were mild icterus (icteric 
inde.v 16) and severe anemia with 1.50 million R.B.C. There were hemor- 
rhages noted in the fundi and a palpable spleen. The urine showed numer- 
ous red cells and was positive for urobilinogen in 1:60 titer. Four transfu- 
sions from carefully matched professional donors were given following cacii 
of which he e.vperienced a severe thermal reaction with increased anemia, 
deepening icterus and gross hematuria. An atypical agglutinin acting on 
blood of Groups 0 and A at 20° C. was demonstrated in hi- blood o> 
Dr. Eugene Katzin and Dr. Philip Levine of the Blood Donor’s Bettenncn 
Bureau. He had a fever as high as 101.4° F. The erj’throcyte coun 
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ranged from 1.50 to 1.31 million, hemoglobin from 7.5 to 3.8 gm. (Sahli). 
Three blood cultures were negative. An erythrocyte fragility test was not 
satisfactory due to strong auto-agglutination of the red cells. The blood 
cholesterol was 156 mg. per 100 cc., cholesterol esters 98 mg. per 100 cc.; 
the serum proteins were normal; serum calcium 8.7 mg. per 100 cc., phos- 
phorus 4.4 mg. per 100 cc. A bone marrow biopsy showed a hyperplastic 
marrow filled with erythrocytes and normoblasts. In the middle of 
August the patient came under the care of one of us (M. K.) and was 
transferred to this hospital where the studies were continued. 

Upon admission to Bellevue the patient’s temperature was 100.2° F., 
pulse 98, respirations 20, blood pressure 130/60. He appeared chronically 
ill, obese, pale, and slightly icteric. The positive physical findings included 
slight puffiness of the eyelids, icteric scleraj, and many irregularly shaped 
hemorrhages with old patches of retinitis throughout the fundi. There was 
a well-healed biopsy wound over the sternum. The heart was not enlarged 
to percussion and there was a rapid regular rate and a soft ai^ical systolic 
munnur. The abdomen was obese and non-tender with the tip of the 
spleen palpable. Rectal examination revealed a large solitary internal 
hemorrhoid. The remainder of the physical examination was essentially 
normal. 


Laboratory. The blood count on admission was 1.35 million R.B.C. with 
22% Hb. (All hemoglobin values hereafter are Sahli detennination— 
16 gm. equals 100%.) White blood cells were 5600 with neutrophils 78% 
(Schilling count 0-16-62), lymphocytes 16%, eosinophils 6%, normoblasts 
6/100 white cells, erythroblasts 3/100 white cells. There was marked hypo- 
chromia, aniso and poikilocytosis with great destruction of red cells in the 
smear. Many microcytes, some with hyperchromic centers, and macro- 
cytes, Cabot rings, and polychromatic cells were present. The white cells 
were of normal size, shape and staining. Platelets appeared normal. No 
parasites were observed. 


Further blood studies showed no change in the essential character of the 
smear. The hematocrit was 10.5%; mean cell volume 70 c./x; reticulocytes 
24%; platelets 272,800. The bleeding time was 4 minutes, clotting time 
21 minutes, with marked clot retraction hour after clotting. The pro- 
thrombin time (Smith modification of the method of Quick) was 5 minutes 
2 seconds; a normal control was 2 minutes 50 seconds. The eryth roc yte 
sedimentation rate (Wintrobe) was 80 mm. in 5 minutes, but the_a7iemia 
was so profouiidTliatJt jyas not possible to correct for it. The rate was 
undoubtedly affected bj'- the marked auto-agglutination. Erythrocyte 
fragility was tested : _ the bloods of the patient and a normal control were 
lioth oxalated, centrifuged, the cells separated, washed in saline, and then 
centrifuged and resuspended in a 1 :5 dilution of saline before being put to 
the test. Heinolysis began at 0.38 and was complete at 0.34 after 12 hours’ 
incubation. The control values were 0.44 and 0.36 respectively. Clumping 
of the patient’s cells was so marked that it is doubtful if a sufficientlj’^ good 
interface was obtained to allow adequate hemolysis in the higher tubes. 
I rice-Jones curves done by measuring in succession the diameters of 300 
cells on each smear showed a biphasic curve with a major peak at 6.8 u 
and a minor peak at 8.5 n. There was a marked broadening of the curve 
scale indicating manj’’ microcytes. 

Blood chemical findings were: NPN 35 mg. per 100 cc.; uric acid 5 me. 
per 100 cc.; creatinine 1.3 mg. per 100 cc,; cholesterol 160 me ner 100 ce • 
3.8 mg per 100 cc.; globulin 1.8 mg. per 100 cc.; icteric index Is! 
rect van den Bergh delayed, indirect positive; phosphatase 4.3 Bodansky 
units, Wasscrmann negative. •’ 

grav. 1.015; no albumin, ghico.se, acetone 
01 bile, _ to 4 red cells jier high ]-)ower field were visible. 



318 


KEISXEE, kalkstein: 



Chaht 1. — Price-Jones cur\'C3 of four different dates plotted on the same graph to 
illustrate the bi-phasic type of cun’e, and the shift in relative numbers of microcytes 
and macrocytes after splenectomy. (Each curve represents direct measurement of 
300 consecutive cells on dried smears stained n-ith Wright’s stain.) (The curve 
ipadc up of circles gives erythrocyte diameters ! week after splenectomy.) 



CnAUT 2. — Graphic representation of the erythrocyte count lx>fore ami after splen- 
ectomy. with special reference to the effects of tran=fusion. 11, indicates on"ct of 
rectal bleeding; T, indicates transfusion. 
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■ Gastric analysis revealed in the fasting specinieii no free HQl, and only 
3 units total HCl. One-half liour follonnng histamine there were 37 units 

The electrocardiogram showed myocardial changes of the Q 2 Q 3 type with 
inverted T 3 interpreted as being due to myocardial anoxia. 

The Roentgen rays of the bones'and joints of the hands, wrists and knees 
were interpreted as normal. A 6 -foot chest plate revealed some old fibrotic 
nodules in the right apex and some thickening of the interlobar pleura 
lietween the upper and lower lobes on tlie right. The heart was moderatel}'^ 
enlarged in all diameters. . . 

Several examinations of the stools revealed no evidence of parasitic 
infestation. 

Additional Blood Sbidies. Special hematologic studies rvere carried out 
in the Serologic Laboratory of the Office of the Chief Medical Examiner 
of New York under the supervision of Dr. A. S. Wiener. The tests were 
considerably hampered by the marked auto-agglutination of the patient's 
cells. After the blood had stood at room temperature for a few minutes 
the cells were strongly clumped and an even suspension in saline solution 
could not be obtained. In contrast to the usual case of auto-agglutination 
the clumping was not reversed by warming the suspension to body tem- 
perature, but an even suspension was finally obtained by washing the cells 
with saline at 50° C. Unfortunately, this treatment damaged the cells 
somewhat. The patient was found to be a Group A, sub-group Ai_, type MN 
whose serum contained auto-agglutinins and also anti -0 and anti-A 2 agglu- 
tinins, presumably, the result of a previous transfusion from a universal 
donor and a Group A 2 donor. It was impossible to separate the auto- 
agglutinins from the red blood cells by centrifuging, washing, resuspending 
in saline and heating in the usual fashion to body temperature. Because 
of the intensity of agglutination efforts to determine the presence of auto- 
hemolysins were unsuccessful, although it was observed that following 
incubation overnight, there did appear to have been some hemolysis. It 
was thought that, in addition to the auto-agglutinin and anti -0 and anti-A 2 
agglutinins there might also be antibodies against the so-called Rh factor 
recently described by Landsteiner and Wiener'*''^^ but these could not be 
demonstrated.* 

F%irlher Course. From our blood bank 2 bottles of Group Ai blood, 
Tjfpe M, which showed less tendency to agglutination than any others, 
were selected. -Despite precautions of warming the blood before, and keep- 
ing the patient warm during the transfusion of 500 cc., he had a severe 
chill followed by a rise in temperature to 105.8° The red blood count 
rose from 1.02 million (22% Hb.) to 1.53 mUlion (27% Hb.) the next day, 
but the da.y after that it had fallen to 1 .09 million (25 % Hb.) . The patient 
was more deeply jaundiced and his blood showed no trace of the M cells. 
Another transfusion was given in the same manner -with a reaction followed 
by a transient rise to 1.53 million (27 % Hb.) and subsequent fall to 790,000 
(20 % Hb.) and again complete disappearance of the donor’s cells. There was 
no evidence of_ hemoglobinuria following either transfusion. After the 
second transfusion it was felt that immediate splenectomy to remove the 
chief source of blood destruction was urgentl}’’ indicated. 


* In retrospect, despite the failure to demonstrate anti-Rh antibodies in the 
patient’s serum, Wiener believes that the possibility is not excluded, and that the 
i-o- , PJayod a part in the transfusion reactions. Because of the 

aiiiiculty in obtaimnR a pood cell suspension it could not be ascertained rvhether the 
patient u-m Rh-minus or Rh-plus. Moreover, it has been found that transfusion 
the Rh-factor can occur in the absence of demonstrable Rh iso- 
ant bodies in the patient’s serum.=‘e _ In the future when confronted with the same 

^MeSay'" ^ donors as an additional 
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Oil August 27 the patient's spleen was reinovccl together witli a siiuill 
section of the liver for biopsy by Dr. John Morris and Dr. Lester Breiden- 
bach (Fourth Surgical Di-vision). Plasma (250 cc. Type A) was given 
during the operation and the patient -was returned to the ward in good 
condition. The erythrocyte count postoperatively was 550,000 (15% Hb.); 
the next day it was 880,000 (22% Hb.)‘. 

The spleen weighed 400 gm. The cut section was firm and deep red. 
Tiie microscopic section showed great congestion of the pulp, with numer- 
ous islands of extramedullar 5 ' hematopoiesis. The liver section showed 
normal hepatic architecture with islands of extramediillaiy hematopoiesis 
and periportal infiltration of round cells and occasional eosinophils. 

The course postoperatively w’as uneventful until the tliird day when the 
patient developed a pneumococcus Type I lobar pneumonia in the left 
lower lobe. Sodium sulfapj'ridine was given intravenously with promjit 
fall in temperature and striking improvement within 12 hours. Studies of 
the blood 4 dajm following operation showed that the auto-agglutinin titer 
was still high, but in view of the desperate situation it was decided to hazard 
a transfusion on the chance that there would no longer be a reaction. A 
professional donor of Group At was selected and cross-matched and a trans- 
fusion of 500 cc. diluted with saline was given in fractionated amounts with 
no reaction on August 30. The red count rose on September 1 to 1.28 mil- 
lion (34% Hb.) and many normoblasts appeared in the smear. On that 
day a second donor was used in the same manner with no reaction, and 
on September 2 the red count was 2.12 million (48% Hb.) and on Septem- 
ber 3, 2,03 million (34% Hb.), which indicated that the blood destruction 
had practically ceased. The auto-agglutinins persisted as before despite 
the absence of reaction. Normoblasts at this time were 121/100 wliite 
cells and this was reflected in the Price-Jones curve which showed a falling 
off of the number of microcytes and increase in the macrocytic cells. On 
September 3 the temperature rose and the patient began to complain of 
abdominal pain and to pass large amounts of chocolate-colored blood by 
rectum. The white count rose to 39,300 with 98% neutropiiils, and fol- 
lo-nung the onset of bleeding the red blood cells fell verj' rapidly, to 1.13 mil- 
lion (26% Hb.) on September 4. The patient continued to bleed and 
expired on the ninth postoperative day. Throughout the whole postopera- 
tive course there was a tendency to edema which was counteracted by 
jdasma transfusions everj' few days. Unfortunately, permission for a 
necropsy' could not be obtained. 

Discussion. This case fulfilled the criteria usuall.y accepted for 
the diagnosis of acute hemolytic anemia. The patient showed 
icterus, anemia, hemoglobinuria at least 'once at the other hospital, 
microcyto.sis and marked erddence of new blood formation with 
reticulocytosis. The biphasic Price-Jones curve has been empha- 
sized by Dameshek and Schwartz^ and demonstrated e.xperimentally 
by Tiggert-* cf ciI. as being characteristic of the hemolytic anemias. 
The question may be raised -ivhether this may have been a case of 
familial spherocytic jaundice. Both spherical microcytes, and in- 
creased erythrocyte fragility have been demonstrated repeatedly ni 
other typ^^s of hemolytic anemia--^-'-’* *®--' (clinical and experimen- 
tal) and there was a negative family history in our case. As far as 
we could determine there was no evidence of parasitic infestation, 
or c.xTOsure to any toxic agents -v^'liich could cause an acute hemo- 
lytic anemia. Therefore, we regfird this as a case of acute hemolytic 
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anemia due to the spontaneous action of some intrinsic factor, in 
this case an auto-antibody. 

We have stressed the inter-relationship between hemolysins and 
agglutinins, and we believe that there was a strong auto-hemolysin 
active in this case, although it was impossible to demonstrate, it 
in vitro due to the overwhelming presence of an auto-agglutinin. 
An unusual feature of this auto-agglutinin was the fact that its 
action persisted at body temperature and that it could not be split 
off from the red cells by any methods tried. To the best of our 
knowledge this is an entirely unique phenomenon which we are 
unable to explain. The unusually high titer of the agglutinin was 
probably due to repeated transfusion reactions with hemolysis of 
blood and liberation of more antigen. The anti-0 and anti-A 2 
agglutinins demonstrated did not play any further clinical role, since 
the patient received no further transfusion with other than Ai blood. 
They probably represent, along with the auto-agglutinin, a height- 
ened capacity of the patient’s antibody forming elements to^ respond 
to antigenic substance. 

The factor which precipitated the initial hemolysis remains un- 
known, but a vicious circle was established, hemolysis necessitating 
transfusions which in turn led to increased hemolysis. The only 
treatment which could break this circle was the removal of the chief 
site of blood destruction, the spleen.® That this rationale was cor- 
rect was indicated by the fact that following splenectomy the patient 
was able to receive transfusions without reaction in spite of the per- 
sistence of the high auto-agglutinin titer. This also suggests 
strongly that the spleen itself was the actual site of hemolysis of 
the cells on which the hemolysin was adsorbed. 

It is a striking testimony to the efficiency of the drug therapy of 
pneumonia that the patient recovered from his postoperative infec- 
tion. We had some hesitation about giving the drug in view of its 
occasional hemolytic tendencies,^ but we had no other choice because 
the result of typing Avas not immediately available. In spite of the 
drug the red blood count rose until the terminal bleeding episode 
began. The cause of death is unproven, but the evidence suggests 
it was due to exsanguination from hemorrhage into the gastro- 
intestinal tract. 

Summary. 1. The problem of acute hemolj'tic anemia due to 
autohemolysins is discussed Avith particular emphasis on the phe- 
nomenon of auto-agglutination. 

2. A reA'icAv of the literature rcA-eals 54 cases of auto-agglutina- 
. tion. The immunologic aspects of autohemolysis and auto-agglu- 

tination are discussed and the more satisfactory concept of the 
auto-antibody reaction is adA’oeated. 

3. A case of acute hcinolysinic anemia Avith a strong auto-ao-gluti- 
mn is described. This auto-agglutinin Avas unique in that ft per- 
sisted despite warming to 37° C. and could not be separated from 
the red blood cells. 
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4. In the presence of the spleen the auto-antibodies caused the 
destruction of blood cells introduced from without, but following 
splenectomy, transfusions were tolerated with rise in the blood 
count, despite the persistence of the auto-antibodies. It would 
appear from this that splenectomy is the rational therapy in such 
cases. 

The authors wish to express their appreciation to Dr. A. S. Wiener of the Serological 
Laboratories of the Chief Medical Examiner's Office of New York City for examining 
the blood of the patient, and for his advice with regard to the preparation of this 
article. 

We are indebted to Dr. J. G. M. BuUowa who treated this patient at the Hospital 
for Joint Diseases for allowing us to report this case and for the extensive laboratory 
data assembled prior to his admission to Bellevue Hospital. 
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CHRONIC LEUKEMIA IN THREE SISTERS. 

By John H. Hornbakee, M.D., 

.\TTKND1KG PHYSICI.KN, W.\BniNGTOX COUNTY HO.WITAD. irAGEH.SToW.V, JIU. 

The following cases of leukemia are of interest because of tlic 
occurrence of this disease in 3 sisters, and in an unusual combination, 
2 of them clearly being of the lymphatic and 1 clearly of the myclo- 

genous ti-pe. _ .if 

Although familial leukemia has been described a number of 
times,-’’ most of the reports concern but 2 members of a fanii v. 
There are only a few descriptions of 3 or more cases in one family- 
INIcGavran'’ reported 3 cases of leukemia in one family; 2 brotlier.-, 
1 of whom had myelogenous leukemia and the other lympiiatie 
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reukemia, and an uncle on their father’s side who had the lymphatic 
type. Decastello'* reports an interesting family, observed by 'Weiss 
and himself, 6 members of which had lymphatic leukemia within 
two generations. Out of 5 brothers and sisters of the first genera- 
tion, 3 died of leukemia. Out of 9 members of the next generation, 
3 died of leukemia, all of them were children of 2 of the 3 members of 
the previous generation who had died of the disease. Boggian^ 
observed a family of 2 brothers and a sister in which 1 brother had 
9 children and 3 of them developed lymphatic leukemia, and the 
sister had 3 children, 1 of which had lymphatic leukemia. 

There is insufficient evidence at the present time to explain the 
occurrence of familial leukemia on the basis of heredity, except for 
the known heredity factor in cancer, of which leukemia is now 
usually regarded as an example. However, in view of reports of 
different combinations of blood diseases in the same family, as well 
as leukemia, it would seem that some predisposition to abnormality 
of the blood-forming tissues does exist in certain families. In re- 
viewing the literature it is interesting to note that most of the cases 
of leukemia occurring in more than one member of a familj'^ are of 
the lymphatic type. 


Case 1.— -A white female, who developed purpuric spots over the legs 
and occasional oozing of blood from the nose in the summer of 1927, when 
she was 39 years old. In October, 1927, and February, 1928, she had 
severe bleeding from the nose and mouth and developed purpuric spots 
over the entire body. These cleared up from time to time btit she noted a 
tendency to bruise easily. She was hospitalized in April, 1928, because of 
earache, and examination at that time revealed the following: rapid pulse, 
afebrile, moderate degree of pallor, enlarged lymph glands in the cervical, 
supraclavicular, axillary and epitrochlear regions, spleen questionably palp- 
able, no purpura at that time, heart and lungs normal. Blood studies 
revealed; erythrocjdes, 3.69; hemoglobin, 80%; leukocytes, 18,500. Dif- 
ferential: neutrophils, 36%; lymphocytes, 64%. A re-check showed: 
leukocytes, 18,000. Differential: neutrophils, 30%; lymphocytes, 70%. 
A blood culture was sterile. 


She continued to_ have hemorrhages from the nose and mouth and into 
the sWn, and died in August, 1928, at the age of 40. IVliile postmortem 
examination was not done, there was no question of the diagnosis of chronic 
Ijunphatic leukemia in the mind of the attending ph 3 '’sician, who had 
observed her closety throughout the illness. 

Case 2.— A sister of the previous patient developed general weakness and 
^veiling of the neck glands in the latter part of 1934, at the age of 55. In 
February, 1935, a blood study revealed: erji;hroc 3 '^tes, 3.95; hemoglobin, 
68%; leukocytes, 36,800. Differential: neutrophils, 20%; lymphoc 3 desi 
80%. Her course continued unfavorabb”^ with increasing loss of strength 
gradual development of general glandular enlargement. 
A blood study late in 1935 was said to be about the same as that above. 
Hi Alarch, 1936, she was sent to a Baltimore hospital for Roentgen therapy 
Examination at that time revealed a poorly nourished female with general- 
ized glandular enlargement. The abdomen was tender throughout and 
here was a question of free ffuid being present. The liver and spleen could 
not be palpated satisfactorily because of tenderness. No mention of nur- 
pura was made. Blood studies on March 23, 1936, revealed: eo?hroc 3 des. 
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3.90; hemoglobin, 76% (Sahli) ; leukom-te-s, 153,000. Differential: neutro- 
phils, .2%; lj-mphoc 3 'te.?, 95%; pathologic l}’mphoc}'tes, 3%. Another 
stud}' 5 days later showed: leukoc 3 'tes, 190,000, with a differential count 
of 1% neutrophils and 99% l 3 'niphoc 3 'te.s. Diagnosis: chronic hrnpliafic 
leukemia. 

She was given Roentgen therap}' over the spleen, inguinal and a.vilJai}- 
glands, but her condition became suddenly worse and she died, INIarch 30, 
1936, at the age of 56. No autops}' was done. 

Case 3.— -4 sister of the pre\’iou.s'2 patients was first seen in August, 1939. 
at the age of 55, vdth S3'mptom.s of 1 3'ear’s duration consisting of undue 
fatigue, blue spots on tiie bod}-, and lo.s.s of 18 pounds in weight. E.vamina- 
tion at that time revealed a rather poorR nourished female with a fever of 
99.6° F., pulse rate 120, blood pre.ssure 170/100. One small hemorrhage 
was present in the fundus of the right e 3 'e and there were several large 
ecch 3 'moses on the lower extremities but no fine petechia. Xo glands were 
palpable. The spleen was felt at the level of the umbilicu.«. The remainder 
of the ph 3 'sical e.xamination was negative. A blood stud}- showed : er 3 'thro- 
C 3 ’t€s, 2.57; hemoglobin, 68% (Haden-Hausser) ; leukoc 3 'tes, 162,000. Dif- 
ferential: neutrophils, 57%; l 3 'mphoc 3 'tes, 2%; m 3 'eloc 3 'tes, 30%; m 3 'e]o- 
blasts, 8.5%. She was .sent to a Baltimore ho.spital for Roentgen therapy 
and was given a total of 796 r units over the spleen from September 21 to 
September 27, 1939. Blood counts on admission, prior to therap}', were 
practical!}' the same as those given above. However, additional blood 
studies were done and are as follows; bleeding time, 2 minutes; clotting 
time, 3 minutes, 20 seconds; volume inde.x, 1.10; IM.C.V., 96.8 c.m; reticulo- 
C3'tes, 3.2%: pero.xidase stain showed 96% granular cells and 4% non- 
gramilar; platelets, 318,000; nucleated reds, 2/200. 

Ten da 3 'S after the last Roentgen ra}' treatment had been given the blood 
picture was as follows: leukoc 3 'tes, 11,500. Differential; neutrophils. 
60%; l 3 'mphoc 3 "tes, 19%; monoc 3 des, 2%; eosinophils, 10%; basophils, 8%; 
m 3 'eloc 3 'tes, 1%. 

She improved clinicall}' following Roentgen therap}*; the spleen was no 
longer palpable, the ecch}'moses disappeared and she felt stronger generally. 
Through the winter of 1939-1940 her general condition remain^ reasonaW}' 
good, although blood counts at frequent inten'als revealed a gradual rise 
in the total leukoc}'tes with increasing numbers of immature myeloid cells. 

In June, 1940, she was given further Roentgen therapy over the spleen, 
which had enlarged to 3 cm. below the costa! margin. A blood study 
prerious to this treatment was as follows: er}'throc}'tes, 3.72; hemoglobin. 
72% (Sahli); leukoc}'tes, 137,500. Differential: neutrophils, 73%; ban- 
p!ioc}'tes, 1%: monoc}'tes, 1%; eosinophils, 8%; rayeloc}'tes, 15%; prr>- 
myeloc}'tes. 1%. Following treatment the !eukoc}'tes dropped gradually - 
to 5700 in July, 1940, and only a few immature cells were noted in the 
smears. 

During the remainder of 1940 her condition was .satisfactor}' e.xcept for a 
bout of low back pain apparently brought on by heaxw lifting. Roentgen 
rays of the spine were interpreted as showing decalcification of the bodies 
of the lumbar vertebra; but no actual bone de.struction or deposits of any 
kind. The condition improved under appropriate treatment. 

Late in December. 1940, the spleen was again palpable to the level of die 
umbilicus and the liver edge was felt 5 cm. l>elow the costal margin. Ao 
glandular enlargement was noted. The blood study showed; leukor}'tes, 
138,000. Differential; neutrophil.*, 51%; l}'mphoc}'tes, 2%; monocydc-r. 
1%; eosinophils, 3%: ba.*ophiIs, 5%; myeloc}'tes, 17%; myeloblasts. 4, cl 
metamyeloc}'tes. 17%. In Februai}*, 1941, she lost 10 pounds in the .*p 3 ee 
of 3 weeks and developed many ecchymose* over the fx)dy and e.xtrernitiC'. 

In March. 1941. she wa= given'further Roentgen therapy, receiring 4 treat- 
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raents over both the liver and spleen. At the time of the last examination 
in May, 1941, she felt well generally, the spleen was not palpal)le, no 
glandular enlargement was noted and the blood count showed 6650 leuko- 
cytes with a practically normal differential ratio. No immature cells Avere 
present. Diagnosis: chronic mj^eloid leukemia. 

The remainder of the family history is as folloAVs: the mother 
died at the age of 73 of heart trouble; the father died at the age of 
03 following accidental injury. One sister is living and Avell and 
blood counts during the course of a hospital admission in 1939 were 
normal. Two brothers are living; 1 in good health, and the other 
suffering from hypertension and stomach trouble. While blood 
studies are not available on either one there is apparently no evi- 
dence of a blood dyserasia. Case 3 has 2 daughters Avho are living 
and well and recent blood studies on both were normal. There 
Avas no question of a'blood disorder in any of the grandparents, as 
far as is knoAvn. 

Summary. An instance of familial leukemia is reported in AAdiich 
3 sisters have been affected, 2 Avith the chronic lymphatic type and 
1 Avith chronic myeloid leukemia. 
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THE NORMAL PLASMA COAGULATION TIME.* 
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(From the Department of Medicine, Stanford University Medical School.) 


The coagulation time of recalcified oxalated blood plasma has 
recently been reintroduced as an important clinical laboratory 
procedure. It appears to be seiwiceable as a simple test for Auta- 
min K deficiency. This te.st is a modification of “HoAA'ell’s 
lirothrombin time,” Avhich does not measure prothrombin, and it is 
less complicated to perform than the prothrombin determinations 
AA'hich are noAv in use. Although the simplicity of this test makes it 
available for general practice, it must be appreciated that the 
standardization of the teehnique of the procedure is on a purely 
empirical basis, as are all other such procedures, and that the reac- 
tions obtained do not duplicate normal physiologic processes. 
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The practical general application of a test depends not onlj’ upon 
its accuracy, but upon its simplicity. If it can be shown to be 
reasonabty accurate and serviceable under a given set of conditions, 
it may justly be used as a diagnostic procedure. In order to meet 
these qualifications, tests of plasma clotting time must give constant 
readinp in a large group of normal individuals and the physical 
conditions of the experiment as- carried out must not materially 
alter the results obtained. With this in mind, tests have been 
performed on the plasmas of 340 normal adults and on 107 patients 
with non-hemorrhagic disorders. The effect of the technique of 
venepuncture, the amount of oxalate and calcium added to the blood 
and plasma, the method of collecting the plasma, and the effect of 
temperature have been noted in their relationship to the results of 
the procedure as outlined. 

Technique of Test. The test of plasma coagulation time is routinely 
carried out as follows; 

1. A clean venepuncture must be performed, obtaining the required 
amount of blood in a drj' syringe. 

2. The blood must be rapidlj' transferred to a test tube containing a 
weighed amount of drj' potassium oxalate. A number of these tubes may 
be prepared at one time by adding 2% potassium o.xalate and evaporating 
the solution so that the tube will contain oxalate in the ratio of 10 mg. to 
5 cc. of blood. Centrifuge tubes are usuaDj' prepared nith 5 mg, of o.xalate 
for 2.5 cc. of blood (0.25 cc. of the 2% solution per tube). The oxalate 
must be thoroughly mixed with the blood by inverting the corked tube 
10 or 15 times. 

3. The oxalated blood is centrifuged in a constant-speed centrifuge at 
3500 r.p.m. for 5 minutes and the plasma pipetted off. 

4. Two-tenths of a cubic centimeter of plasma is pipetted into each of 
2 small chemically clean test tubes and 0.2 cc. of 0.4 % CaCh is added to 
the first tube and 0.1 cc. to the second. The tubes should be gently shaken 
5 to 10 times to secure thorough mixing. They need not be inverted. 

A liter of the 0.4% calcium solution may be made up at a time, using 
chemically pure CaCl-. _ 

5. The coagulation time of the plasma should be read in minutes. Tiic 
end-point is taken when the solution no longer flows when the test tube JS 
held horizontal. The shortest time of coagulation for the two tubes is the 
plasma coagulation time. 

6. The room temperature at which the test is carried out should be 
recorded. A variation between 23° and 26° causes no gross variation m 
the test. 

7. The test should be completed within the first hour after the vene- 
puncture. 

The Calcium Factor. As the test is carried out, sufficient calcium 
is added to produce the shortest clotting time for the amount of 
oxalated blood used. This has been determined for the particular 
technique involved as previously described.'® It is now well recog- 
nized that substitution of the same amount of calcium as has been 
combined by adding potassium oxalate is not satisfactorv.* It 
also well recognized that adding an excess of calcium prolongs the 
plasma time^ and adding too little calcium also prolongs the coagula- 
tion time or prevents coagulation from occurring. 
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The Collectio 7 i of Blood Plasma. Blood plasma may be obtained 
by allowing the blood to stand until a sufficient volume of cells is 
settled out to permit pipetting off clear plasma from the upper level 
of the tube contents. A more rapid and satisfactory method is to 
centrifuge the oxalated blood which clears the plasma of formed 
elements. Centrifuging only a few minutes at low speed fails to 
separate all the cells and platelets from the plasma, while centri- 
fuging 30 minutes at high speed will produce almost a complete 
separation. As the coagulation time of the plasma depends partly 
on its content of formed and recently broken up platelets, the time 
and speed of centrifuging are important factors in standardizing any 
test of plasma-clotting time. The time and the speed chosen for 
the test are entirelj'' arbitrary and consequently a constant time and 
speed must be utilized in order to obtain comparable results. The 
time and speed chosen were selected because they produce an almost 
complete sedimentation of cells in a brief period which can be 
accurately regulated in the Gyro constant-speed centrifuge.® The 
effect of variations in the speed of a centrifuge is shown in Table 1 . 
The slower rates of 1200 and 1800 r.p.m. tend to shorten the coagu- 
lation time because of the higher concentration of thrombokinase; 
and conversely, the rapid rate of 3500 r.p.m. reduces this concentra- 
tion and prolongs the time. Similarly, centrifuging at a given speed 
for a short time shows the same type of effect in coagulation. Such 
changes are also shown in Table 1. 

Table 1.— Comparison of Slower Speeds of Centrifuging for Longer Periods 
OF Time With the Standard High Speed of 3500 R.P.M. for 

6 Minutes. 







Time Centrifuged. 


Control 
5 min. 
at 3500 

Case 

No. 

E.P.M. 

Tube 

5 

10 

. 15 

20 25 

30 ' 

No. 

min. 

min. 

min. 

min. min. 

min. 

R.P.M. 

1 

1200 

1 




5 

6 

5 



2 




4.5 

5 

5 

- 


1 




G 

8.5 

5 

3 


2 




5 

5 

5 


1 




9 

5 

7 

4 


2 




G 

5 

5.5 


1 


7 


7 


7,5 



2 


5.5 


6 


5.5 

5 


1 


4 


G 


7.5 

0 


2 


4 


5 


G 


1 

5 


4.5 


7 

8 


ISOO 

2 

4 


4.5 


5 . 5 

0 

7 

1 

4 


4 



4.5 

S 


2 

1 

3 

4 


3 

6.5 


6 

3.5 

5 

9 


2 

3.5 


5 


6 

4 


1 

5.0 

6 

6.5 



10 


2 

4 

4 

4.5 



j4 


1 ' 

0.5 

7.5 

7.5 



4 

6.5 

5 

n 

11 


2 

1 

5.5 

5.5 

5 

5.5 

6 



12 


2 

1 

7.5 

5 

7 

4 

7.5 



u 

4 



2 

G 

6 

7.5 



7,5 

7 
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Because a high-speed centrifuge may not ahvays be available, 
lower speed centrifuging for a longer period of time has been carried 
out in 12 cases to ascertain whether or not comparable results may 
be secured. The results obtained as shown in Table 1 indicate that 
plasma coagulation times are comparable when the blood is centri- 
fuged at 1200 r.p.m. for 30 minutes or at 1800 r.p.m. for 15 minutes, 
as they do not deviate more than 1 minute from the standards set 
up at 3500 r.p.m. 

Nygaard"’ has obtained plasma for his test of clotting time by 
allowing oxalated blood to stand 4 hours at ice-box temperature and 
omitting centrifuging. His tests huA'e been carried out at 37° tem- 
perature and his normal figures are considerably shorter than those 
obtained after centrifuging in the manner described for room tem- 
perature. However, 30 samples of plasma obtained in the usual 
way have been tested for coagulation at 37° as shown in the last 
column of Table 2. The times have varied between 1.5 and 3 min- 
utes, averaging 2.18 minutes or 1.30.8 seconds. This average is 
slightly less than Xygaard’s figure of 161 seconds for 57 normal cases 
read by coagelgram. These findings indicate that the plasma ob- 
tained in 5 minutes of centrifuging is grossly comparable to that 
obtained after 4 hours of settling out at ice-box temperature. 

Variations in Temj)crature. It has long been known that varia- 
tions in temperature have a marked effect on the clotting of blood 
and blood plasma. Cold prolongs the clotting time and heat up 
to a certain degree shortens it. Minot- showed in 1910 that through 
a range of temperature from 15° to 37° there was a gradual shorten- 
ing of the time with each degree, of temperature. Nygaard has 
recently shown the same effects with his method of testing plasma- 
clotting time.’' He found that there was a shortening of the time 
up to 37° C. and that the time tended to become longer at higher 
temperatures. Consequently he chose 37° as the standard tem- 
perature for his test. For the technique of the test already out- 
lined'“ room temperature was chosen because it eliminated the use 
of constant temperature water baths which might not always be 
readily a^■ailable and because variations at the usual room temjicra- 
tiires of 23° to 2(1° C. were sufficiently slight so as not to alter the 
interpretation of the test. It was readily recognized that the results 
of the test would be more accurate if run at a constant temperature. 
However, normal plasma run at room temperature fell within a 
range of 2 to 8 minutes when the temperature in the laboratory 
varied between the extremes of 19° and 26° C. 

With these variations in mind, a series of 122 normal tests has 
been run at the laiioratory temperatures between 19° and 20° ami 
an additional 28 tests at 27°, 28°, and 29°, and normal standards 
set up for each temperature. Tlicse normal standards for the indi- 
vidual temperatures are presented in Table 2 and Chart 1 . It is ob- 
vious that the temperature range from 23° to 28° produces very . 
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little change in the rate of clotting, the average ^^a^iations lying 
between 4.5 and 5.7 minutes. It is noteworthy that there is a sharp 
accelerating effect at 29° to 2.7 minutes, and there is a progressive 
prolongation of the coagulation time from 23° down to 19°, which 
corresponds to Minot’s' observations.- 


Table 2. — Variations in Plasma Coagulation Times at Different Tempera- 
tures IN 180 Cases. 


Temper- 

No. of 

Shortest 

Longest 

Average 

ature. 

cases. 

time. 

time. 

time. 

19° ... 

5 

7 

11 

9 

20° ... 

. . 13 

5 

10 

8.2 

21° ... 

. . . . 12 

4.5 

8 

7.3 

22° 

.... 18 

5 

8 

6.6 

2.3° . . . 

.... 30 

4 

8 

5.7 

24° . . . 

. . . . 20 

4 

7.5 

5.2 

25° ... 

. . . . 20 

3 

7 

4.9 

26° ... 

.... 4 

4 

7 

4.8 

27° ... 

. . . . 9 

3 

6 

4.7 

28° ... 

.... 8 

3 

G 

4.5 

29° ... 

. . . . 11 

2 

4 

2.7 

37° ... 

.... 30 

1.5 

3 

2.18 



Chart 1.— Relationship of plasma coagulation time to temperature in 12 ‘> casec, 
^ .nnation of less than a minute at the commonly encountered laboratorj^ tempera" 

lures of 23 to 2G“; progressive prolongation of time at lower temperatures'^nnd 
marked shortening of time at 29°. ^nperaiures and 


In setting up the test at room temperature, it is necessarv to 
appreciate that an apparently slight increase in pla.sma coagulation 
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time may be due to an unusually cool room atmosphere and that an 
apparently short time may be due to an increased temperature in 
the laboratory occurring in the summer or due to artificial heating. 
With this in mind, room temperature may be considered satisfactory 
in carrjdng out the test, particularlj' when It lies between 23° and 
26°, as the clotting time for 74 cases in this range averaged 5.3 min- 
utes which is to be compared to 5.25 minutes, the average normal 
time for 340 cases run at room temperature as shown in Chart 2. 
If a water bath is available to maintain an even temperature of 
24°, the results will be more constant. The average time for the 
20 cases run at 24° is 5.2 minutes. 



CjwnT 2. — Distribution of plasma coagulation time by minutes in .310 normal intli- 
vidunls (solid line) and in 107 patients with non-hemorrhagic disorders. Average 
normal time — 5.25 minutes. 


The Addifion of Thromboplastin. In the test of plasma clotting 
time no thromboplastin is added. As this substance is an unstable 
tissue extract, its use complicates the test. It is added in tests of 
“protlirombin time” to assure an e.\cess of thrombokinase, presuin- 
ing that as a result a prolongation of the coagulation time will repre- 
sent a quantitative prothrombin deficiency. This assumption docs 
not take into consideration the concentration of anticoagidant .“iih- 
stanccs in the blood. 
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The plasma coagulation time actually represents the resultant 
effect of the relationship of the clot-promoting substances and the 
clot-retarding substances in a given plasma under the conditions of 
the experiment. If these substances are out of balance due to pro- 
thrombin deficiency, a prolongation of the clotting time will occur 
and a tendency toward bleeding. However, if a similar deficiency 
of thromboplastin occurs, clotting time might be prolonged inde- 
pendent of a disturbance in vitamin K metabolism. Actually such 
a deficiency rarely occurs, and then in the writer’s experience only 
in the presence of marked thrombocytopenia. Two patients out 
of 23 studied with purpura showed such a prolongation. Both had 
advanced leukemia with almost a complete absence of platelets 
from the blood and both showed only slight increases in coagulation 
time. Njfgaard has observed similar cases,^ but the clinical and 
laboratory features of these cases could hardly be confused with 
vitamin K deficiency, unless they occurred coincident with liver 
disease and jaundice. 

Not only does the addition of thromboplastin appear to be un- 
necessary, but quantitative diminutions of prothrombin as shown 
by prolonged “prothrombin times” may not indicate a hemorrhagic 
tendency. This is well illustrated by the physiologic hypopro- 
thrombinemia of the new-born. 

Other Factors Which May Influence the Test Up to the present 
time no study of the effect of age of the individual on the plasma 
coagulation time has been recorded. It is an impression of the 
VTiter that elderly people may tend to show a slightly shorter 
coagulation time than the average normal of 5.25 minutes. Also 
the possible effects of sex have not been studied statistically but no 
differences have been noted. However, in running tests of plasma 
coagulation time on the cord blood of 1 1 infants, it was found that 
the average time was only 2.7 minutes and that the limits of varia- 
tion were between 2 and 3 minutes, except for one reading of 4.5 min- 
utes. It is assumed that this hastening of coagulation was produced 
by an increase in thrombokinase of cord blood which may readily 
occur when the cord is cut. Seven observations on 3 infants in the 
first 3 days of life showed coagulation times from 3 to 6 minutes 
witli an aA' erage of 4.4 Avhen the blood was obtained readily by vene- 
puncture.^ Onlj" a few children have been studied and they showed 
no variation from normal adults. 

Normal Variatio}is. The plasma coagulation time has been per- 
formed on 340 normal individuals. This group includes the 100 cases 
previously reported.^" All the tests run have been incorporated in 
this series except those run in a water bath at less than 21° or greater 
than 26° for statistical purposes for Table 2 and Chart 1. The 
results are presented diagrammatically in Chart 2, which shows 
the number of cases and percentage incidence for the coagulation 
tune m minutes from 1 to 13. Clotting occurs in 86.35% of the 
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cases in 4 to 7 uiinjites witii an average for the whole group of 
5.25 minutes. This is 0.13 minutes shorter than the normal average 
of 5.38 minutes already noted, but is evidently due to the cases 
being more evenly distributed throughout the slightly warmer sum- 
mer months. The majority of the 17 cases with a clotting time of 
8 minutes occurred in the winter at temperatures of 21° or below, 
and consequently this figure should be considered at the upper limits 
of normal. Table 2 shows that this reading did not occur above 
23° and it was only encountered once in the 30 cases read at 23°. 

The plasma coagulation time has also been studied in 107 patients 
with non-hemorrhagic types of disease. For the sake of comparison, 
the results in this series of cases have been compared to the normal 
in Chart 2. The trend of the curves is similar with few exceptions. 
The short time of 2 minutes is more than twice as common and 
may be due to the inclusion of 3 cases of venous thrombosis in this 
group. The lower incidence of 4-minute times is unexplained. 
The appearance of prolonged coagulation times above the normal 
upper limit of 8 minutes in 6 cases is worthy of comment. 

Of the 2 patients with times of 9 minutes, 1 was suffering from 
prolonged malnutrition and the other was receiving sulfanilamide 
therapy for a streptococcus sore throat and fever of 39°. The 
patient with a 10-minute time suffered from severe allergy, and the 
one with the 12-minute time had a marked chlorotic achlorhydric 
anemia. The 2 patients with the 13-minute times had disorders 
similar to the first 2 patients. It is evident that an occasional 
patient may have a disturbance in plasma coagulation without 
known liver or biliary tract disease, hemophilia, or purpura which 
are the recognized disorders which may cause abnormal tests. Such 
a condition associated with malnutrition and relieved by vitamin K 
therapy has already been reported.'* 

Summary. 1. The plasma coagulation time is a satisfactory test 
for vitamin K deficiency, as previously noted. 

• 2. The test has been carried out by a standardized technique in 
340 normal cases and in 107 with non-hemorrhagic conditions. 

3. The importance of a constant speed and time in centrifuging 
the blood has been emphasized. 

4. The effect of changes in temperature upon the results of the 
test have been pointed out. Room temperature is satisfactory 
under ordinary conditions. 

5. Standards have been set up for laboratory temperatures which 
may be encountered and for 37° C. 

G. The constanc\’ of the results obtained warrants the use of the 
plasma coagulation time as a simple laboratory test, provided the 
physical conditions of the procedure are closely adhered to. 

The writer is indebted to Miss Thelma Olsen and Miss Elissa .\ddLs for their teeli- 
nioal assLst.-ince in e.irrj’inc out the Inljoratorj' test.?. 
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AND ON THE INCIDENCE OF HYPERTENSION. 
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(From the Department of Obstetrics and Gynecology, Cornell University Medical 
College, and the New York Hospital.) 

Much lias been written concerning the incidence of hypertension 
and renal and vascular lesions-'^-*® in patients whose pregnancies 
have been complicated by albuminuria and hypertension. The 
belief that the “toxemias of pregnancy” play a part in the produc- 
tion of these changes has become firmlj’^ entrenched in medical 
thought and literature. 

Although the high incidence of patients who hai'^e hypertension 5 
to 10 years following “toxemic” pregnancies has been stressed, no 
such “follow-up” studies are available on women who have had 
pregnancies not complicated by evidence of vascular and renal 
abnormalities. 

Several reports' in the literature have expressed the belief 
tiiat tlie “toxemia” syndrome occurs in those patients who other- 
wise would l)ecome hypertensive, hut little real evidence has been 
brought forward to substantiate this impression. 

Studies of Ijlood pressure curves for men and women show that 
both the systolic and diastolic pressures for women exceed those of 
men after middle age has been reached. It occurred to us that this 
significantly higher level of systemic pressure might possibly be 
explained by the inclusion of a certain number of women whose 
vascular systems have sustained injury during toxemic pregnancies. 

The present communication attempts to determine the incidence 
of hypertension and the average blood pressure in women of varying 
age groups who have and who have not sustained pregnancies* and 
to determine how such findings can he related to the toxemias of 
pregnancy. 
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Materials and Methods. From the case histories of ISOO women who were 
admitted to the Gynecological service of the Woman’s Clinic as in-paticnfs 
during the years 1933-1940, there Avere selected 900 records of uulIii)arous 
women* and 900 of parous ivomen. These cases were chosen b}' sequence of 
historj’- numbers to satisfy the age group quota. Both parous and nulli- 
parous groups ivere subdivided according to age by decades from 20-29 to 
60 or more; each of the age groups contained 200 cases except the groups 
including patients 60 or more smars of age, and here there were 100 cases. 

The blood pressure recorded for each ease used in this stud 3 ' u'as obtained 
by averaging pressures recorded in the history in the same period of each 
patient’s hospital stay and under similar conditions, and usuallj" consisted 
of: the pressure determined at the clinic visit; the pressure taken in tlie 
adm^sion examination to the hospital; the pressure recorded by the anes- 
thetist prior to administration of anesthesia; and pressures from two sul> 
sequent visits to the hospital, either in the clinic or on admission. No 
pressure determinations were included unless they were taken b}' a member 
of the interne staff. Cases were discarded where organic disease of the 
aortic valve, fever, cardiac tamponade, or general debility were present. 

In 90% of our cases more than 1 blood pressure was recorded; 60% had 
3 or more; and in 45 % pressures were taken at different visits to the hospital, 
some even in different j'ears. 

Only those patients were considered hypertensive whose averaged systolic 
pressures were 140 mm. Hg or more and whose averaged diastolic pressures 
were 90 mm._Hg or more. By this method only those patients with per- 
sistent elevation of both systolic and diastolic pressures were considered ns 
h3'pertensiA'e. 

Blood pressure determinations were made on all patients by the auscul- 
tation method while in recumbent position. The s 3 ’stolic pressure was 
taken as the point at which the sound first appeared while tlie cuff was 
being slovdy deflated, the cuff being original!}' inflated to a level exceeding 
this figure. The diastolic pressure was considered at the level at which a 
sharp demarcation of sound occurred prior to the disappearance while 
deflating the cuff (the beginning of the fourth phase). 

An attempt was made to approximate the age, color, and weight of the 
patient and the type of operation to which she was subjected. Parity was 
determined bj' the numlier of total pregnancies experienced less the number 
of pregnancies interrupted prior to \dabilit 3 '' of the child. In this manner 
no pregnancy interrupted prior to the seventh month was considered to 
produce paritj'. 

Most patients were weighed on admission to the hospital. 

Table 1 shoAvs the aA'eragecl s.vstolic and diastolic blood pressures 
for both the parous and nulliparous women according to age groups. 

It is seen here that a slightlj' higher sA’stolic level is maintained 
b}' tlie parous Avoman Avhen compared AA’ith the nulliparous at all 
ages saA-e the 20-29 age group AA'here there is a slightl.v loAver level. 
There is no consistent difference in the diastolic leA'el saA'e in the 
30-39 group, Avhere the parous group shows a minimally higher level 
(Chart 1). _ . 

It is of interest that the incidence of liA'pertension, gii'cn in 
Table 1, sIioaa-s a slight increase among the nulliparous patients 

* Since it wa.<; impo°?il^!e to RCt a complete series of records for nullipnrou.s tyotnen 
in the 50 to 59 and GO or more aRC p-oups from l!je Gjncrotopcal f'crvirc. it 
nceessarj- to add to those Kroiips a few records of ra.-'Cs ndmittefl on the Medic.st 
and SurrieJil .Services of the Sew York Hospital. The critcri.'i for nse were the ram 
as those defcrihcti for the rcniaininc cases. 
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which is consistent at all ages, of least degree in the 40^9 group and 
greatest degree in the 50-59. 

Table 1.— Avekage Systolic and Diastolic Pbessukes, Incidence of Hypeh- 
TENSION AND AVERAGE WEIGHTS OP 900 PaROUS AND 900 NULLIPAROUS 
Women According to Age Groups. 


Incidence of 

Systolic pressure. Diastolic pressure. hypertension. 


Age 


Wt., 


- ' ..-A — 

" ■ ' -s 






.A. — ^ 

group. 

No. 

hg. 

Av. 

S.D. 

P.E. 

Parous. 

Av. 

S.D. 

P.E. 

No. 

%. 

20-29 

200 

59.1 

117.8 

10.0 

± .48 

73.4 

9.3 

± .45 

2 

1.0 

30-39 

200 

64.8 

125.1 

11.4 

± .55 

77.9 

8.9 

±.42 

'8 

4.0 

40-49 

200 

67.0 

135.5 

15.4 

± .74 

82.7 

9.5 

± .45 

36 

18.0 

50-59 

200 

67.5 

148.0 

20.6 

± .99 

86.8 

11.0 

± . 53 

56 

28.0 

GO or 
more 

100 

64.0 

161.9 

23.2 ±1.55 

Nulliparous. 

89.6 

11.8 

±.79 

51 

51.0 

20-29 

200 

55.3 

119.6 

9.5 

± .40 

73.2 

7.1 

±.34 

4 

2.0 

30-39 

2Q.0 

58.6 

124.3 

13.4 

± .64 

75.7 

9.1 

±.44 

11 

5.5 

40-49 

200 

62.7 

133.5 

20.4 

± .98 

81.9 

11.2 

±.54 

37 

18.5 

50-59 

200 

66.2 

144.4 

24.6 

±1.17 

87.3 

13.4 

±.64 

73 

36.5 

GO or 
more 

100 

60.9 

158.0 

30.8 

±2.00 

90.9 

13.0 

±.87 

51 

51.0 



Chart l.~Thc average systolic and diastolic pressures for parous ( ) and nulli- 

parous ( ) Avomcn according to age groups. 


In order to account for the factor of difference in body weight 
which might affect the systemic pressure, ^-'2 the averaged weight 
of each age group is included in Table 1. It is noticeable that the 
parous woman lias a definite and consistently higher bodv weight 
than the nulliparous patient (Chart 2). 

In an attempt to determine whether repeated pregnancy produces 
evidence of vascular injury, the parous women were divided into 
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groups Recording to parity from 1 to 4 respectively, with all those 
liaving 5 or more parities being included in a fifth group. *' 

Wlien the actual and theoretical average blood pressures for the 
])arous jiatients arc compared (Table 2), it is clearly shown that 
both the systolic and the diastolic pressures are closely parallel and 
that no significant dift'erences can be made out (Chart 3). 

The incidence of hypertension in patients of all parities (Table 2) 
also corresponds closely to the expected incidence for patients of 
those age groups, and no significant dift'ei’ence with ascending 
parity can be discovered (Chart 3). 

Tabi.e 2.— The Actuae and Expected AvEnAUE Systomc and Diastoeic Pres- 
suiiBS AND Incidence of Hypertension Among Women of Different 

Parities. 

Actual Expected Incidence of 

average pressure. average pressure. hypertension. 


P.arity. 

No. 

Systolic. 

Diastolic. 

Systolic. 

Diastolic. 

Actual. 

Expected. 

1 . . 

. 277 

130.2 

79.0 

129.0 

78.6 

33 

30.7 

2 

234 

131.7 

80.2 

132.9 

80.4 

29 

34.6 

3 . , 

. 151 

137. G 

82.2 

137.8 

82.5 

28 

30.2 

4 

. 113 

141.4 

83.0 

139.3 

83.3 

28 

23.8 

5 or more 

. 125 

142. G 

85.3 

145.2 

85.3 

35 

34.3 

Total 

. 900 





153 

153.0 

Because of a 

recent demonstration® that the average blood pres- 


sure fails to rise significantly with age following the removal from 
the series of patients who have hypertension, our age groups were 
recalculated after removal of all patients whose blood pressures 
averaged 140/90 mm. Hg or more. 

It is shoAvn in Table 3 that the systolic pressures following the 
reinm'al of such hypertensive patients rise constantly in both 
groups, and that the average pressure for all age groups among the 
parous women exceeds slightly those levels seen among the nulli- 
parous women. 

Idle diastolic level rises, although more slowly than in the entire 
series, but fails to maintain its rising level in the parous woman. 
Xo more significant effect of pregnancy is noted here than before the 
removal of the hypertensive patients. 

Discussion. The blood pressure levels and the incidence of hyper- 
tension in both parous and nulliparous women are well above those 
usually cited for the male,®-^- and it seems reasonable to suppose that 
the vascular system of the female i^er sc has an increased tendency 
toward this disease. 

Tins work has been done on the assumption that the patients 
wlio have elei'ations of blood pressure are of sufficient number to 
cause a noticeable increase of the blood pressure level and of the 

♦ The iiumbor of patients of each age group v.-as determined for each parity. The 
average iilood pressure of cacli parity group was then compared with that of a theo- 
retical group composed of cases equally distributed with respect to age The .same 
prorodurc was earned out for the incidence of hx-portension. 
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incidence of hypertension in random samples of parous women. To 
te.st this assumption it is neces-sarj' to determine the ex-pected inci- 
dence of hypertension in all parous women if one assumes that some 
“toxemias of pregnancy” produce residual h^'pertension. 

The “toxemias of late pregnane^’’” occur in approximately 10% 
of all women who approximate term.* Of these, 40% to 50% will 
develop one of the hypertensive states*-'*’^* (hj'pertcnsive disease or 
chronic nephritis). Therefore one would expect to find from 4 to 
5 patients in every 100 parous women in addition to the average 
incidence for that age group.* 

One would therefore expect to find at least 8 patients more with 
hypertension in each age group when compared wdth the nulUparous 
woman. 

The average blood pressure level is not such an accurate index 
to use for determining any addition of small numbers of hx^perten- 
sive patients to a large group of normal patients, l^dien 4 patients 
with blood pressure elevations of 40 mm. Hg above the average are 
added in a group of 100 patients, the absolute rise in level for this 
group is only 1.5 mm. Hg. A rise of double this amount would he 
necessary to be of statistical significance (three times the probable 
error for this method). 

We are unable to demonstrate any additional hypertensive 
patients for any of our age groups of parous w’omen when compared 
with the nulliparous. This wmuld seem to indicate that if the 
“toxemias” act as an etiologic agent in the production of h.\perten- 
sion, they do so to an extremely small degree, and that to all intents 
and purposes the patients having ly'pertension following “toxemia 
of pregnancy” are the same patients who would have hypertension 
had they not been pregnant. It also seems likely that the pregnancy 
neither aggravates this “latent hypertension” nor makes it obvious 
earlier, because one finds no increase in the incidence of hyperten- 
sion in the earlier age groups when these are compared with the 
nulliparous groups. 

Tabi.e 3.— .Xybrage Systolic and Diastolic Pressures in Varying .Xge Gnoiir,'' 
Following the Remov.al of All "Hytertensive” P.atients in 
Both Parous and Nulliparou.s AVojie.v. 

Parous averaBC. Nulliparous averaR^* 


.Arc group. Systolic. Diastolic. S>*stolic. Dl^'^tolic. 

20-29 117.5 73.2 119.1 , ^2,S 

30-39 123.3 70.7 122.1 

40-49 131.5 79. S 127.4 78.4 

50-59 140.0 Sl.S 130.9 80.0 

GO or more 14G.5 80.0 141.3 81.8 


The oliservation tliat the most rapid increase in both avenage 
blood pressure and the incidence of hypertension is noted following 

* Thli would be obvious onb- in the group below 50 years of age, for ca.“W ^ 
this level would for the most part be absorbed by the high "normal" inciocncc 
the disease in these age groups. 
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the childbearing period, 1 e., at 40 years of age and above, coupled 
with a failure to find any significant difference in the parous woman 
when compared with the nullipara in the younger age groups would 
seem to rule out pregnancy and its complications as an important 
etiologic factor either in the causation or in the aggravation of this 
disease. 


MMS, 

HG. 



AGE 

Chaht 4. — The average systolic and diastolic pressures for parous ( ) and nulli- 

parous ( ) women following the removal of all hypertensive cases. 


It would seem likely that the apparent minimal increase in systolic 
level in the parous woman could be explained by the increased body 
weight which obtains in this group, and the failure to find a simi- 
lar difference, however slight, in the diastolic pressure would further 
tend to show that this elevation was not caused by vascular or renal 
injury as such. 

The lack of effect of multiparity on the blood pressure and the 
incidence of hypertension is of interest. The women who have had 
repeated pregnancies have not only exposed their vascular systems 
to the "strain of pregnancy” several times but have also greatly 
increased their chances of having " toxemia of pregnancy.” Despite 
these factors their blood pressure level and incidence of hypertension 
is no different from that of the nuIHparous patient of the same age. 

Following the removal of all h\T)ertensive patients from the 
group, the average systolic blood pressure still shows a slightly 
higher range in the parous patient, while the diastolic remains es- 
sentially the same. This would tend to indicate that the hyper- 
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tensive patients present in each group were relatively equal in 
number and in the degree of hypertension experienced, and that the 
slightly"- higher level of systolic pressure among the parous women 
was not due to the inclusion of a number of “ hj*pertensives.” 

Conclusions. No demonstrable difference can be noted in the 
incidence of hypertension and the aA’erage blood pressure levels of 
parous and nulliparous women. 

It seems likely that the hypertension and hypertension-producing 
diseases which occur following a large portion of the “ toxemias of 
pregnancy” are not the result of this complication of pregnancy, but 
rather that this complication of pregnancy occurs for the most part, 
if not exclusive^, in patients whose vascular systems are endowed 
with the tendency toward hypertensive disease. 
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Pri.mary thrombosis of the axillary and subclavian vein is jtppar- 
ently an uncommon condition. Matas" in his classic paper listed 
KK) eases that he had found in the literature, and sinee that time 
some other cases liavc been reported. The diagnosis of the condi- 
tion is not difficult. Kaplan® has listed his criteria for .diagnosis, 
all of which, however, need not be satisfied in a given case. There 
must, of course, he a swelling and cyanosis of the arm, and dilatcfl 
superficial veins over tlie affected arm and anterior che.st wail. An 
increased venous ])re.ssure, antf prolongation of the eireiilafion tune 
on the affected side are corollaries to lie expected from tlie nature 
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of the condition. However, these findings are not absolute because 
they tend to be normalized after the acute phase has disappeared 
and sufficient collateral circulation has de^^eloped. _ Many of the 
cases reported did not have the tender cord in the axilla, mentioned 
as a requisite by Kaplan. The presence of this finding depends on 
how much of the vein is involved in the thrombosis. Finally, 
Roentgen ray “visualization” with radio-opaque dyes, and infra- 
red photography of the collateral veins are luxuries in the diagnosis 
of this condition. An innocuous substance like Diodrast should be 
used. Certainly there is no need to subject the patient to the injec- 
tion of the thorium dioxide for “visualization,” considering the 
potential dangers of this substance. . 

Many of the contributors to the literature of this disease have 
given their idea of its etiology. . In nearly all cases there was a 
history of some form of sudden injury, often minor. In 2 of our 
cases there was no immediate antecedent trauma. There are several 
such cases reported in the literature. Nearly all the cases described 
were young men in good health. The right arm was more often 
involved, and when the left arm was involved it was usually in 
left-handed individuals. 

There is a wide diversity of opinion as to the etiology of the 
condition. Schrotter,^^ who in 1884 first described this condition, 
thought that it was caused by phlebitis following sudden stretching 
and compression of the vein. Gould and Patey® found by anatomi- 
cal study, that there exists a delicate subclavius-axillary valve in 
the vein where it underlies the subclavius muscle. When the sub- 
clavius muscle was suddenly stretched with the arm in abduction, 
the increase in venous pressure was supposed to have ruptured the 
valve and resulted in thrombosis. Cadenat® and Lahaussois® 
thought that respiratory effort also played a part by distending 
the axillary and subclavian veins and damaging the endothelium. 
Lowenstein,^® working on cadavers, found that in certain of these, 
when the arm was in an abducted position, the costocoracoid liga- 
ment and subclavius muscle indented the axillary vein. This caused 
a rise in the venous pressure and a distention of the vein. Lowen- 
stein also believed that forced expiration played a part in the slowing 
of the blood stream. Cottalorda** postulated that trauma produced 
an irritation of the perivenous sympathetic plexus, with resultant 
^'cnospasm, and thrombosis. In Cottalorda’s case, relief was ob- 
tained by excising a segment of the vein involved. In some of the 
cases described in the literature, thrombi were not found, which 
inakes yenospasm a possibility. Rosenthal and Lohr believed that 
in addition to the mechanical factors, there were also chemical 
changes in the blood caused by catabolites of abnormal metabolism 
This would determine, theoretically at least, which persons would 
have thrombus formation, conceding a common mechanical basis 
\ eal,'« and Veal and ^IcFetridge'- made a radical departure from 



342 


PELNER, COHN; PREWARy THROMBOSIS 


the recorded literature by claiming that on hyperabduction of the 
arm, the constriction of the vein occurred not over the first rib 
beneath the subclavius muscle, but below the head of the humerus 
and against the subscapularis muscle. They included two drawings 
which showed such a constriction of the subclavian vein at this point. 
They believed to have e.xperimentally demonstrated that with the 
arm abducted, and under forced respirations, there were wide fluctu- 
ations in axillary venous pressure. This might lead to thrombosis 
by injury to the vein wall. They did not feel that the venous spasm 
of Cottalorda was much of a factor in producing the tlirombosis. 

The physical and laboratory findings in the recorded cases were 
not all similar. Cottalorda^ found both the systolic and diastolic 
pressure to be higher on the affected side. One worker found no 
difference in these readings between the affected and unaffected side. 
Another described a decrease in the systolic pressure, while in the 
classical case of Matas the blood pressure was increased on the 
affected side. Horton’ found a lowering of the oxygen capacity of 
the venous blood on the affected side (43 vol. % against 70 vol. %). 
Lohr found an increased red blood count on the affected side. 
Matas found a normal bleeding and coagulation time on his subject. 

Case Reports. Case 1.— M. B., a 17-year-old adult male, in apparent 
good health, obsen’ed that in the year preHous to admission his entire right 
upper extremity had progressively increased in width with a concomitant 
bluish discoloration. After a strenuous basketball game, he noticed a 
marked engorgement of the superficial veins of the shoulder and arm and 
felt a sensation of tension and a mass in the right axilla, when attempting 
to raise his arm. There was no pain or dysfunction. He had ahva 3 's been 
in good health. Four years prior to this event, while vTestling, his neck 
was twisted; the head was pulled over to the right for a day, after which he 
had no further trouble. 

Examination revealed that the right pectoral and scapular regions, and 
right side of the neck appeared much fuller than the corresponding areas 
on the left. Superficial veins of the right upper extremity and pectoral 
area were markedly engorged, tortuous and numerous. The hand and arm 
had a cj’anotic flush. 

MeasiiTcment^: right forearm, 28.2 cm.; left forearm, 27 cm.; right arm, 
.30 cm.; left arm, 28 cm. 

Arterial pulse and blood pressure were equal on both sides. Circulation 
time on both sides was 18 seconds. The venous pres.sure in the right 
brachial vein was 34 cm., that of the left was 16 cm. Roentgen rays of tlie 
chest, arm and neck were negative. 

Venographj’ with Diodrast through the cephalic vein of the left ann 
revealed normal flow through the vein to the chest wall, which correspondccl 
to the normal site of the subclaHan vessel. From theri on, all trace of the 
Diodrast in the vein was lost. On the right side (Fig. 1) the vein va.s 
equallj' welt seen up to a point 2 inches externallj' to the chest wall, -in 
addition, one could see numerous redundant wonn-like coils indicative o 
collateral circulation of the deeper veins of the arm. Also, there ws-s an 
abrupt blockage of the vein at the nonna! site of the subclavian, ami a 
this point a collateral vessel into the vein of the neck could be demonstratei ■ 
This patient was subsequcntlv seen again 5 j-cars after the ' 

condition. Although the affected extremity wa.s .‘^tiil as large as before, 
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and the collateral circulation over the surface of the arm and chest wall was 
still very prominent, the patient had no apparent difficulty m the ordinary 
use of his extremity.. 



Fig. 1.— Venograph ol Case 1, showing the abrupt termination of continuity of the 
axiWavy vein aiiout 2 inches from the first rib margin. (Retouched.) 


Case 2.— Y. S., 20-year-old female adult, in good health, suddenly noted 
a swelling and redness of the right upper extremity 1 week before admission. 
There was no pain or dysfunction. She had always been in good health, 
except for a bout of rheumatic fever at 11 years of age which involved her 
knees and ankles for 2 or 3 months. She was left with no murmurs or other 
rheumatic stigmata. Three years before admission, she ran into a wall, 
spraining the right elbow, which was kept bandaged for a few days. 

Examination revealed a very well-developed athletic young lady; all 
physical findings were normal, except for the right upper extremity which 
sliowed a non-pitting swelling from the pectoral region to the fingers, and 
was of a reddish-purple Ime. There was no axillary adenopathy, nor was 
there a tender cord palpable in the axilla. The pulses were equal. The 
right superficial veins were prominent and tortuous and extended to the 
right anterior chest wall. 

_ Measuremeiits: right axillary region, 28 cm.; left axillary region, 25 cm.; 
right midarm, 24.5 cm.; left midarm, 22 cm.; right elbow, 23.5 cm.; left 
elbow, 22 cm. 

The Roentgen rays of the chest, shoulder and arm were negative. Bron- 
choscopy and larjmgoscopy were negative. The venous pressure taken at 
. the cephalic vein on the right side was 24.5 cm.; on the left side, 12 cm. 
The circulation time by the calcium method on the right was 10.2 seconds, 
and on the left 8.8 seconds. A Roentgen ray study with Diodrast (Fig. 2), 
injected at the right cephalic vein, showed pronounced tortuosity of one of 
the vessels which passed up over the shoulder and into the cervncal region. 
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Fj«. 2. — Venogi'aph of Case 2. The axillarj' vein appeals to be thrombosed through- 
out its entire extent and the collateral veins only arc seen. (Retouched.) 



Fig. .1. — Anatomic relations of the axiJIarj’ vein. Condition found during radical 
mastectomy operation with upper extremity of the patient aliducted and externailj 
rotated. Tiicro Cs .stretching of the axillarj- vein (ait nearly uniform strctrhmg. 
(Modified from Cutler and Zollinger, Atla.s of Siirgic.al Operations, courtesy of The 
Macmillan Company.) 
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It was believed that none of the dye had entered the axillary or subclavian 
vein. The oxygen content of the whole blood was 12.3 vol. % on the right 
side and 14.8 vol. % on the left side. She was last seen about 9 months 
after her first hospital stay and showed a slight decrease in the swelling and 
venous engorgement of the affected extremity. 

Case 3.— I. B., age 23, a well-developed male adult, struck his arm against 
a wall 3 days before admission. There was some immediate pain, followed 
by more pain and swelling the following day. For the ensuing 3 days the 
arm was enlarged and firm. _ . , . , 

Examination was negative except for the right upper extremity which 
showed edema from the shoulder to the fingers, slightly pitting. The ex- 
tremity was warm and had a mottled appearance. 

Measurements: right axilla, 16.5 cm.; left axilla, 15 cm.; right midarm, 
12.25 cm.; left midaim, 10.25 cm.; right mid-forearm, 10.5 cm.; left mid- 
forearm, 8,75 cm. 

The Roentgen rays of shoulder and chest were negative. However, they 
did reveal abnormal, anteriorly placed scapulse. A Roentgen ray “visu- 
alization” of this case was not done. Forty-eight hours after admission, 
the patient felt that his pain and swelling were relieved and he was dis- 
cliarged. He was not seen subsequently. 

Comment. "\^enous thrombosis may be considered as the product 
of several factors, more than one of which mn.st usually be present. 
These are as follows:® 

1 . Change in the vessel wall due to injury. 

2. Change in the condition of the blood. This refers to a change 
in the blood composition and the formed elements of the blood. 

3. Change in circulatory condition, such as slowing of the blood 
stream, the presence of an abnormally low blood pressure, and the 
formation of eddies in the veins. 

1. Changes in the vessel wall may be due to injurj’’ of the vessel 
wall itself or to the valve in the vein. Histologically, the vein wall 
cannot be divided definitely into three coats as can the artery. The 
endothelium provides the smooth, internal lining to the vessels. 
The valves are reduplications of the endothelium, and have their 
free edges in the direction of the blood stream. The vein wall also 
contains collagen, elastic and smooth muscle fibers. The collagen 
fibers are somewhat extensible. There is a spiral arrangement of 
the collagen fibers when the vein has to undergo much functional 
change in length. Triepefi® found that certain veins lengthen as 
much as 50% with body movement, without effect on the venous 
l>ressure, but that the resistance rose rapidly when the lengthening 
reached 55% of the initial size. Here then, we have one cause for 
the injury to the vein wmll; overextensibility beyond the capacity 
of compensation of the collagen fibers. The elastic fibers are divided 
into two types; circular, to allow the vessel to accommodate itself 
to sudden increases in content and later restore normal caliber, and 
longitudinal to help prevent collapse in certain veins. Rancken^® 
called attention to the fact that while tlie basilic vein at the elbow 
can lengthen from 20 to 27 cm., depending whether the arm is 
Hexed or whether it is fully extended; these measurements onlv hold 

vo;.. 203, ^50. 3. — Mxncn, 1942 12 * 
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true if the vein is not distended with blood. If it is, the vein will 
become tortuous on flexion. Since most veins are attached to the 


underlying structures, a sudden deformation of an attached tortu- 
ous vein may cause injury to its wall. Stimulation of peripheral 
nerves usually causes construction of the veins, e. g., stimulation 
of the sciatic nerve causes constriction of the saphenous vein. Per- 
ipheral nerve injury might cause a prolonged spasm, and slow the 
venous return in the axillarj' and subclavian vein. 

"h alves are an important part of the vein structures. They are 
reduplications of the intima of the vein, and their free borders point 
in the direction of the blood stream. The most common position 
of valves in the venous trunks is just distal to the entrance of tribu- 
taries. ^^alves are found especiallj’^ in those vessels that are subject 
to pressure from without, and those in the immediate sphere of 
muscular performance. The valve closes when the pressure in a 
segment of a vein proximal to it is greater than distal to it. 

Gould and Pate}"® found a fairly constant valve in the axillary 
vein under the subclavius muscle, which they thought was delicate 
enough to be injured if the arm was forcedly raised. Speaking 
generally, a valve is a very difficult thing to injure, because of its 
situation and arrangement. Tlie competence of valves and their 
integrity is guarded against by tlie pressure of the overl3-ing struc- 
tures. How"ever, the possibility of the accident does exist. 


Veal and McFetridge,*' on the basis of a thorotrast Roentgen ray 
examination of one of their cases, came to the conclusion that hyper- 
abduction and external rotation of the humerus causes a constriction 
of the axillary vein below the head of the humerus, and against the 
subscapularis muscle. In their study of fresh autopsy material they 
noticed that the i"ein w'as stretched proximal to the point of con- 
striction. It W'as the good fortune of one of us (L. P.) personally to 
assist in tw'o radical mastectomy operations and thus be able to test 
the theory of ^'eal and hlcFetridge in the living specimen. With flic 
axillary vein exposed and on hj'perabduction and e.xternal rotation 
of the humerus, the vein was seen to stretch, but the narrowing 


was not at one point, as indicated by these authors, but more uni- 
formly distributed throughout the length of the vein (I’ig- ^)- 
This fact was checked many times in these patients. In both o 
these cases, there was apparently a subcla^'io-axillary valve presen 
as demonstrated by lack of back flow when the axillary vein was 


stripped from this point. 

In the case of ^'eal and McFetridge, the blockage of the 'cin 
occurred at a point between the situation of the head of the humeni? 
and subscapularis muscle. In one of our cases in which contras 
radiograph}' of the venous system was done, and indeed in iRO= 
of the recorded cases, the tlirombus occurred in the subclavian ' cm 
at the inner border of the first rib. In another case that we la'c 



PELNER, COHN: PRIMARY THROMBOSIS 


347 


descril^ed above, the thrombus had apparently extended through- 
out the entire axillary vessel so that it was not visualized at all in 
the contrast Roentgen ray. However, it is not for any one to say 
that a blockage at the point mentioned by Veal is impossible, but it 
certainly is not the only or usual point as is claimed by him. 

Besides the factors enumerated above, mention must be made of 
several cases of severe venous spasm reported in Franklin’s excellent 
monograph.® A severe venospasm, if it lasts for an appreciable 
length of time may so slow the venous circulation, as to be at least 
one factor in thrombosis of the vein. 

2. Change in the Condition of the Blood. The following alterations 
in the blood, consequent on tissue injury are important, in the cause 
of venous thrombosis. ^ 

(а) Increase in the number of platelets and their tendency to 
clump together. 

(б) Rise in fibrinogen concentration and its effect on the sinking 
rate of cells. 

(c) Anhydremia by increasing the viscosity of the blood. How- 
ever, important as are these factors, local tissue injury of the vein 
is necessary to produce thrombosis. These changes in the blood 
are purely local at the site of thrombosis, as examination reveals 
normal bleeding and coagulation time and platelet count. 

3. Changes in the Circidatory Conditions. The factors which in- 
fluence the bloodflow in the veins of the bodj’ are: the vis a ter go 
from the left ventricle, the suction effect of respiratory movements, 
the muscular support and massage of the vein wall, the support by 
the abdominal muscles, and the effect of gravity above the cardiac 
level. 

The most important factor in slowing the ^'enous stream in the 
alisence of cardiac failure, is some radical change in the normal 
variations in the sub-atmospheric pressure of the thorax. In the 
A alsalva experiment, whicli consists of a forced expiratory effort 
with the glottis closed at the end of deep inspiration, the tractive 
])ower of the elastic lungs is superseded temporarily because of the 
high pre.ssure in the respiratory system. The intrathoracic venous 
pressure rises and the venous return is seriously hindered. Accord- 
ing to Moritz and Tabora'- and Burger the venous pressure rises 
to 400 to 500 mm. of water during the Valsalva experiment. In 
everyday life, defecation, parturition, coitus and coughing constitute 
modified \ alsalva experiments. The normal venous pressure varies 
between 40 and 110 mm. of water. In the excitement stage of 
anesthesia, there is also a considerable increase of venous pressure. 

As regards the influence of exercise on venous pressure, Biirger 
differentiates two types: prolonged activities of speed and delicacy 
winch have, little effect on the venous pressure, and extreme efforts 
of slmrt duration which liave a marked effect. In the latter type, 



34S 


PELNER, COHJSr: PRIMARY THROJIBOSIS 


which is demonstrated bj' weight lifting, high jump, diving, and 
swimming under water, there is closure of the glottis at the end of 
inspiration and contraction of the expiratory muscles. This results 
in the compression of the thoracic content and the heart. The 
venous return is markedlj'’ impeded and there is marked rise in 
venous pressure. This description duplicates the conditions of the 
Valsalva experiment. 

In the first 2 cases that we have reported in this paper, it would 
appear at first glance that none of the three factors discussed, i. e., 
vein injurj’-, blood changes, or circulatory slowing, are operative. 
However, both had sustained accidents several years before, which 
probably left them with some slight injury of the vein wall. At 
some fortuitous moment of circulatorj’- slowing (any of the every- 
day duplications of the Valsalva experiment) this combination of 
injury and stasis could result in thrombosis. The third case had a 
definite pertinent injur^^ preceding the thrombosis, as seems to be 
true of most of the cases in the recorded literature. While this 
condition is called either "‘primary’' or “effort” thrombosis in the 
literature, the appearance of some definite cases without immediate 
antecedent injury has tempted certain authors to label this condition 
as "so-called” effort thrombosis of the axillary and subclavian veins. 
We are of the opinion that an injury more or less violent probably 
antedates most of the cases, but this injury need not immediately 
precede the thrombosis. 

Summary. 1. The literature concerning primary or effort throm- 
bosis of the axillary and subclavian veins has been reviewed. 

2. Three personally observed cases, 2 of which were accompanied 
by >’enography, w'ere described. 

3. The possible causes of this condition were evaluated. 

4. Two of our patients could noi recall any injury immediately 
preceding the onset of the condition, but did gi\'e a history of 
injury sometime before the thrombosis. 
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In a previous paper, ^ one of us (K. B.) reported his experience 
with alpha lobeline hydrochloride as an agent for measuring the 
velocity of bloodflow, a method originally proposed by Teplov and 
Sor.i® Lobeline stimulates the respiratory center, probably by way 
of a reflex from the carotid sinus, and thus produces cough. The 
reliability of the test, therefore, would seem to depend on the nor- 
mal functioning of the respiratory- center. In clinical medicine, a 
number of drugs are frequently employed which are known to 
depress the respiratory center. It occurred to us that the adminis- 
tration of such drugs might influence the results of the lobeline test. 
The present study was undertaken in order to determine the exist- 
ence of such an influence. As a drug suitable for this investigation, 
a rapidly acting barbiturate, sodium propyl-methyl-carbinyl ally! 
barbiturate (Seconal*)'^ was chosen. 

Method. Fifty patients were used in this study ; 38 males and 12 females. 
The patients varied in age from 14 to 75 years (average age 33). Seven 
were patients suffering from heart disease; 5 of these were in congestive 
heart failure. The remaining 43 patients suffered from various other con- 
ditipns such as are commonly encountered in a general medical ward. All 
patients were in bed. None had fever. The tests were made in the morn- 
ing between breakfast and lunch. 

The technique of the test has been previously described in detail. Only 
a brief description need be given here: 3 to 5 mg. of alpha lobeline hydro- 
chloride_ (0.3 to 0.5 cc. of the 1% solutionf) are rapidty injected into an 
•antecubital vein. Several seconds later, the patient coughs. The time 
interval from the beginning of the injection to the onset of coughing repre- 
sents the "circulation time” for that patient. If cough fails to appear, the 
test is repeated with 7.5 to 10 rag. of the drug, 10 to 15 minutes later. 

In the present study, Seconal was administered by mouth immediatelj’- 
after the successful completion of the test. Thirty patients received 
O.IS gm., while 20 received 0.27 gm. After an inter\'^al varying from 30 
to 90 minutes (usually 60 minutes) the degree of hjqjnotic effect of Seconal 
was noted and the lobeline test was repeated. It was found that the 
iiypnotic effect of 0.27 gm. of Seconal was frequently not greater than that 
of p.lS gm. Tins is not surprising since a number of other factors (age 
weight, speed of absorption, and others) were operative. Therefore the 
patients were divided into three groups according to the degree of hypnotic 
effect produced, and not according to the dose of Seconal given. Group 1 

* Manufnctiirocl by Eli Lilly and Company. 

t Tho ampules of alpha lobolino hydrochloride used in this study were supplied 
ny the hnndoz Company ■ 
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included those patients who were found to be awake at the time of the 
second test. Group 2 included those patients who were found asleep at 
the time of the second test, but who awakened at the touch of the examiner. 
Group 3 comprised those patients who remained asleep until insertion of 
the needle. A few patients in this group actuall}' slept throughout the 
entire procedure. 

In each case, the results of the first and second lobeline test were compared 
and the difference was expressed in terms of percentage of the fiist result. 

In addition, duplicate tests were made on 100 patients without adminis- 
tering Seconal. _ The time interval between these duphcate tests varied 
from 15 to 60 minutes. These tests, which are reported in detail in a. sepa- 
rate paper,® served as a control series. 

Results. The difference in lobeline circulation time before and 
after the administration of Seconal was striking in most instances. 
Table 1 shows the results obtained in each of the three groups 
described above. 


Table 1.— Results of Lobeline Circul-a^tion Ti.me Test Before and After 
THE Administr.^.tion OF Seconal — 50 Cases. 

Group 1 Group 2 Group 3 

(minimal h}-pnotic effect). (light sleep). (deep sleep). 
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Only in Group 1 (minimal hypnotic effect) were the differences 
between the first and second lobeline circulation time relatively 
minor, and only in this group was the second circulation time short- 
ened more frequently than it was prolonged (shortened in 7 cases 
by an average of 28%, prolonged in 5 cases by an average of 44%). 

In Groups 2 and 3, where actual sleep was induced, considerable 
difl'erences between the results of the first and second test were found 
in most instances, and there lusiially was marked prolongation of the 
second lobeline eirculiition time. In Group 2 (light sleep). IS out 
of 20 cases showetl prolongation after Seconal, and the average 
degree of jirolongation was 02%. In this group, the second circu- 
lation time was shorter in only 1 case (by 5%). and in 1 case, the 
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second test resulted in failure. In Group 3 (deep sleep), 14 out of 
18 cases showed prolongation of the lobeline circulation time after 
Seconal, and the average degree of prolongation ’was greatest 
(176%). In this group, the lobeline circulation time was shortened 
after Seconal in 2 cases (b.y 54% and 49% respectively^ J in 2 addi- 
tional cases, the second test resulted in failure. 

In the control series of duplicate measurements, where no Seconal 
was administered, the average difference betAveen the first and 
second test Avas 31 %. The result of the second test, furthermore, 
AA’^as higher about as frequently as it AA’^as loAA’^er (higher in 44 cases, 
loAver in 41 cases, identical in 3 cases). Besides, the differences in 
results were for the most part minor. The greatest single difference 
in results of the control series Avas 199%, AA^hile after Seconal, pro- 
longations of as much as 573% occurred (in Group 3). 


Table 2 . — Comparison of Seconal Series With Control Series. 

Results of second Results of second 

test higher. test lower. 
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Control Series . . 

(no Seconal given) 
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. 100 

3 

12 

44 

37% 

41 

19% 

31% 

Group 1 . . . 

(min. hypnotic 
effect) 

. 12 

0 

0 

5 

44% 

7 

28% 

35% 

Group 2 . . . 

(light sleep) 

. 20 

0 

1 

18 

02% 

1 

0 % 

59% 

Group 3 . . . 

(deep sleep) 

. 18 

0 

2 

14 

170% 

2 

52% 

100% 


Comment. The contrast betAA'^een the Seconal series and the 
control series (Table 2) furnishes striking evidence of the effect of 
Seconal. If aa^c compare the results obtained in each of the three 
groups of the Seconal series (Table 2), Ave find additional evidence 
of seconal effect. In Group 1 (minimal hy^pnotic effect), the average 
difference betAA^een the first and second test is not great and 
shortening of lobeline circulation time occurs about as frequently^ 
as prolongation. With more marked h.vpnotic effect, hoAA^eA^er, the 
average difference betAA’-een the first and second test rises progres- 
siA^ely, and shortening of the second lobeline circulation time 
becomes exceptional. 

Our results, therefore, lead us to eonclude that the administration 
of a barbiturate such as Seconal prolongs lobeline eirculation time. 

An explanation of this prolongation is found if aa^c consider the 
mode of action of each drug. The first, lobeline, is knoAAm to stimu- 
late the respiratory! center,^® probably! by! Avay of a reflex from the 
carotid sinus. One of the manifestations of such stimulation is 
cough. The second drug, Seconal, belongs tp that group of hyp- 
notics AAdiich depress the centers in the brain stem, particularly! those 
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of the thalamic and subthalamic regions by which the state of sleep 
is induced. Vital centers in the medulla such as the respiratory, 
cardiac, and_ vasomotor centers are simultaneously depressed^ 
Pharmacologic experiments on cats show that the respiratory cen- 
ter is the one primarily and predominantly affected.^’^ Vdien a 
single sublethal dose of one of the barbiturates (sodium ethyl 
[1 -methyl butyl] thiobarbiturate*) is employed, the first undesirable 
effect is sudden cessation of respiration; only after repeated closes 
are cardiovascular effects in evidence.-!^ 'The heart action does not 
stop unless respiration ceases. As a rule, death is due to respira- 
tory failure.®-^^ VTiile there may be differences in action between 
the individual members of the barbiturate group, they all, including 
Seconal, depress the respiratorj^ center. PTius, they counteract the 
effect of lobeline, and it is undoubtedly this counteraction which 
results in the delayed cough response to alpha lobeline. In addition, 
there is experimental evidence to show that drugs of the barbiturate 
group depress the carotid sinus.--^®’*® This would also interfere 
M’ith the effect of lobeline. 

At this point, the question may be raised whether the prolonga- 
tion of lobeline circulation time found by us is really caused by 
depression of the respiratory center, or whether it is caused by 
actual slowing of the velocity of bloodflow. Experimental evidence 
is available to answer this question. Schroder and Bockmann’® 
recently inve.stigated the effect of two barbiturates on the ^-elocih" 
of bloodflow. These authors produced deep anesthesia by intra- 
venous injection of Eunarcon (sodium bromallyl-isopropyl-N- 
methyl-barbiturate) in 5 patients, and by intravenous injection of 
E\'ipan (methjd-cyclo-hexenyl-N-methyl barbituric acid) in 5 addi- 
tional patients. Tlie circulation time was measured by Koch’s 
fluorescine method® before, during, and 6 hours after anesthesia. 
Prolongation of circulation time was never found; shortening was 
found occasionally. 

It is fair to assume, therefore, that the prolongation of lobeline 
circulation time found by us does not represent an actual slowing 
of bloodflow, but rather a prolongation of reaction time. This 
interpretation is borne out by the not infrequent occurrence of 
inordinate prolongation (up to 573%) of lobeline circulation time 
in Group 3 of our series, since such extreme slowing of bloodflow 
could hardly occur. 

From our observations, certain conclusions of practical signifi- 
cance may be drawn. ^Measurements of circulation time by means 
of lobeline should not be made on patients who are under the influ- 
ence of barbiturates or other drugs (c. //., morphine) which depress 
the respiratory center. Since such drugs are used very frcqucntl\ , 
this constitutes a definite limitation of the usefulne.ss of the test. 
Similarly, the lobeline test should not be employed in the presence 

* Sodium pcntotli.ll. 
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of pathologic states which are associated with Cheyne-Stokes 
breathing or other forms of depression of the respiratory center. 
This second limitation is particularly regrettable, for it had been 
hoped that the lobeline test, because of its objective end point, 
would be useful for the measurement of circulation time in condi- 
tions such as cerebral accident, uremia, diabetic coma, etc. 

Moreover, what applies to lobeline also applies to any other 
method of measuring velocity of bloodflow which depends for its 
result on the respiratory center or the carotid sinus. Such methods 
include the sodium cyanide test^^ and the carbon dioxide inhalation 
method.® None of these tests should be employed when there is 
reason to believe that the respiratory center is depressed either by 
drugs or by pathologic states. 

At this point, another comment may be in order. Barbiturates 
are widely used, and it is commonly assumed that ordinary hyp- 
notic doses have no appreciable effect on the respirator}'' center. 
The results of our study, in which such doses were used, indicate 
that the depressant effect on the respiratory center is greater than 
is generally appreciated. In this connection, Che}me-Stokes breath- 
ing should again be mentioned. Patients exhibiting this type of 
breathing are usually restless and sleep poorly. They, therefore, 
frequently receive barbiturates in considerable amounts. Our ob- 
servations indicate that this medication may intensify the respira- 
ratory disturbance. It would appear that caution in the use of 
barbiturates is advisable in such cases. 

Summary. 1. The lobeline circulation time test was performed 
in 50 patients, before and after the administration of Seconal. 

2. In 12 patients, hypnotic effect of Seconal was minimal. In 
these, shortening of the lobeline circulation time occurred more fre- 
quently than prolongation, and the difference between the first and 
second test were, for the most part, minor. 

3. In 20 patients, light sleep was produced. In 18 of these, the 

second test showed the lobeline circulation time to be prolonged by 
an average of 62%. ■ 

4. In IS patients, deep sleep was produced. In 14 of these, the 
second test showed the lobeline circulation time to be prolonged by 
an average of 176%. 

5. In a control series of 100 duplicate measurements of lobeline 
circulation time without administration of Seconal, shortening was 
found as frequently as prolongation, and the average difference 
between the results was only 31 %. 

Conclusions. 1. Seconal, a derivative of barbituric acid, prolongs 
the lobeline circulation time. 

2. This prolongation is due to the depressant effect of Seconal on 
the respiratory center and the carotid sinus. It does not, therefore, 
represent a true slowing of bloodflow but rather an increase in reac- 
tion time. 
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^ 3. 4 he lobeline test or any other method for measuring circulation 

time which depends on the respiratory center or the carotid sinus 
for its result (sodium cyanide test, carbon dioxide inhalation 
method) should not be employed on patients whose respiratory 
center is depressed either by drugs (barbiturates, morphine) or by 
pathologic conditions, especially when Cheyne-Stokes breathing is 
present. 

4. Ordinar 3 - hj'pnotic doses of a barbiturate may depress the 
respiratory center to a greater extent than is generally appreciated. 
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ELECTRIC CONVULSION THERAPY IN PSYCHOSES. 
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Convulsions artificially produced by drugs such as camphor, 
metrazol (cardiazol), triazol, ammonium chloride, nitrogen, and 
picrotoxin have now been used in treating psychoses for some 
G During the last 3 years such treatment has been 

carried out on a large scale in the C nited States. The chief drug 
used lias been metrazol. Its advantages and disadvantages, a.s 
well as dangers, are well known as are also the frequent disappoint- 
ments and the occasional brilliant results following its use. At this 
time it can he definitely stated that convulsive therapy bus iich'wved 
for itself a definite niche in the therapeutic armainentariiim of tliO'C 
phvsieians concerned with mental disease. 

in 1937 two Italian investigatons, Ccrletti and Bini' ® '’' descnfh'U 
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tlie use of electric current to produce seizures in dogs. After 
preliini)iary study of the technique of tlie use of the current as 
well as of the pathologic effects on the brains of animals these workers 
produced seizures in patients with schizophrenia. As pointed out 
by Furst/® there was some previous work on the use of electric 
current to provoke unconsciousness and seizures, but the Italian 
investigators deserve credit for initiating this technique in mental 
disease. The work was very soon taken up by English, German 
and American workers. 

Apparatus and Technique. The technical structure of the apparatus will 
not ))e discussed in detail. The earlier apparatus was so arranged that a 
testing current, which was a fractional part of the treatment current, was 
passed through the head of the patient to measure the electrical resistance 
of the patient’s tissues. Following this the treatment current was calculated 
and administered for an accurately measured interval. The current used 
was 60 cycle A.C. suitably modified by transformers, etc. The newer 
apparatus, such as that used by the authors, consists of interlocked testing 
and treatment circuits. The testing current used is 1000 cycle A.C. current 
of approximately 0.1 milliampere which is imperceptible to the patient, not 
polarized, and accurately measures the resistance of tissues between the 
connected electrodes. Setting of the testing circuit automatically sets the 
treatment circuit to the desired intensity. An automatic electronic timer, 
variable from 0.05 to 1,0 second controls the duration of the delivered 
treatment current. The current used in treatment is 60 cycle_ A.C. as in 
the older apparatus. The machine includes safety devices which prevent 
the passage of too high a current or stray current through the patient and 
which prevent the passage of treatment current before testing current 
through the patient. 

In administering the treatment the patient is made to lie down in bed, 
a pillow is placed under the dorsal region of the spine to hyperextend to 
some extent the vertebral column. Electrodes are applied fairlj’- high in 
botli temporal regions. It is not necessary to shave the hair from this 
portion of the head. Electrode paste such as is used in electrocardiography 
and electroencephalography is applied to the areas under the electrodes, or a 
gauze sponge saturated with 10% salt solution is used for electrical contact 
lietween the electrode and the scalp. The a]>paratus is set for the desired 
time interval, usually 0.2 to 0.5 second. The testing current is applied 
and adjusted to a level usually between 400 and 600 milliamperes and then 
the treatment current is applied. The patient’s hands and arm^ are held 
flexed and adducted over the chest to prevent dislocation and injury to the 
shoulders. The thighs and legs are raildlj'- restrained and, if possible, a 
soft cotton and gauze mouth gag is inserted into the mouth during the 
ensuing coinmlsion. The management of the convulsion itself is, therefore, 
exactly the same as the management of a metrazol seizure. The level of the 
current and the time interval in wdiich it is applied must be experimentally 
detennined at the time of the first treatment. We now routinely use 450 
M.A. for 0.3 second as an initial dose because almost all patients will have 
seizures with this dose. The seizure itself is notable for the brevitj’- or 
comi)lete absence of the latent period in most instances. Occasionally, 
however, a latent period of as much as 30 to 40 seconds between application 
of current and conwilsive seizure has been observed. Failure to produce a 
convulsion was formerly a frequent annoyance, but the newer apparatus 
seems to be without such fault. The earlier apparatus made to deliver no 
more than 500 !M.A. was rightfulh’’ but unnecessaril 3 ’’ too conser\’ative. 
The newer apparatus delivers up to 700 M.A. which is apparently adequate 
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in the most electrically resistant patients. Occasionally application of the 
current fails to produce a major seizure, and results only in brief “absence” 
or "petit mal” type of automatic activity for some seconds. In such 
instances it is our practice to repeat the current after one minute at a 
higher level or for a longer period to produce a seizure. The duration of the 
seizure A^aries from 30 to 90 seconds and is usuall}' shorter than the average 
metrazol seizure. The treatments have been given once or twice weekly in 
the group treated to date. Other types of apparatus were used in the 
earlier period of this work. Some used constant amounts of current with 
only time variable, this up to several seconds. 

Curare (Bennett) lias been used successfully to reduce the force of 
muscle contractions ivith electric shock in a number of patients 
who previously had suffered bone injuries during metrazol treatment 
in our own or other hands. 

Our approach to this work was extremely conservative both in 
number of patients and in the frequency of seizures produced for the 
first 8 months. After this preliminary period, we have prac- 
tically substituted the use of electric shock for metrazol in convulsive 
therapy. The number of patients in our series is, therefore, not so 
large as might be expected from our early association with this w'ork. 

The ease of producing a conimlsion is to a great extent determined 
by the resistance of the patient’s tissues to the passage of current. 
Certain factors have been found to have a definite influence in this 
respect. In extremely hot weather when the patient’s skin is moist 
and the conductivity of the skin as a whole is greatly increased it is 
much harder to produce a seizure. This is apparently the result 
of the by-passing of a large portion of the current through the skin 
of the body so that relatively less and definitely insufficient current 
passes through the head to affect the brain. Under such conditions 
it is probably wise to postpone for some days any attempt to use 
this treatment. The use of air-conditioned chambers Avhere they are 
available may be an answer to this difficulty. In colder weather 
where the skin resistance of the patient is increased it is sometimes 
(rarely, however) difficult to pass sufficient current through the 
head at all to produce a seizure. Under such circumstances the 
difficulty may be overcome by rubbing the electrode jell 3 ' more 
vigorously into the scalp or using more liberal libations of salt 
solution in the sponge between the electrode and the scalp. The 
intensity of the current can be raised somewhat and the duration 
of the application increased. The electricallj' produced convulsion 
difi'ers slightly from that produced b,v metrazol. There is visually 
no latent period between application of the current and tonic 
phase of tlie epileptiform seizure. Onl.v rarety is there a lapse of 
5 to 10 seconds between current application and seizvire. In a fen 
instances latent periods of 20 to 40 seconds were observed. The 
convulsive moyemenfs are perhaps le.ss violent in a certain pro- 
portion of cases than with metnizof, but this is certainl,v not alwav.^ 
the case. The diiration of the convulsive period between oni^ct of 



ELECTRIC CONVULSION THERAPY IN PSYCHOSES 357 

the tonic phase and the first long post-convulsive breath, is definitely 
less in the electric than in the metrazol convulsion if averages of a 
series of cases are considered. Convulsive periods as long as 93 sec- 
onds have been observed, however. Patients awaken more rapidly 
and with less confusion as a rule after electric than after metrazol 
seizures. There is complete amnesia for the period of the treatment 
and a short period before and after. Our most intelligent patients 
state that practically no sensation accompanies the treatment and 
they willingly return for subsequent treatments. It is only after 
several treatments that patients usually realize that placing the 
electrodes initiates a series of events for which they have no memory 
but the awakening. 

Table 1.— Results or Electric Shock Treatment oe Psychoses, 


Duration, Complete Social 

yrs. recovery. remission. Improved. Unimproved. 

Schizophrenia. 

0- 1 1 2 9 1 

1- 2 0 3 2 1 

2- 5 1 2 S 5 

Over 5 1 1 S 4 

Total 3 S 27 11 

Manic Depressive and Involutional. 

0- 1 3 1 1 0 

1 - 2 0 0 1 0 

2-5 0 0 1 1 

Over 5 2 0 2 1 

Total 5 1 5 2 

Other Diagnoses. 

0-1 1 0 1 0 

1-2 0 2 0 0 

2-5 0 0 0 0 

Over 5 0 2 0 0 

Total 1 4 1 0 

Total all diagnoses .... 9 13 33 13 


Total patients who completed treatment, G8 

Complications: Dislocation of the jaw has been observed, but this 
is considered inconsequential because mandibles usually replace 
themselves or are easily pushed back into place. One fracture of the 
head of the humerus has been produced. No other major fractures 
of vertebral or long bones have occurred with electric seizures in our 
series even though numerous Roentgen ray examinations have 
been made. The lower alveolus with the four incisor teeth was 
found fractured after a seizure in one patient but since this patient 
was violent and self destructive at all times and since no reasonable 
mechanical relationship between the seizure and the fracture could 
be adduced this fracture is not considered due to the electric shock. 
No dislocation of the shoulders has been seen. 
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The most outstanding feature of the treatment is the total absence 
of fear of the treatment on the part of the patients who have had 
one_ or more treatments. Most of the patients repeatedly and 
willinglj' come to the clinic for the treatment and lie down voluntarily 
on the bed and allow the electrodes to be applied. This statement, 
of course, does not apply to patients who are negativistic and 
resistive to anj' procedure whatever, whether painless or not. 
After a series of treatments there seems to be less confusion de- 
veloped than after a similar number of metrazol seizures. In only 
one instance did secondary seizures occur one or more hours after 
the treatment. This was in a woman with history of seizures in 
childhood. Effects on the heart mechanisms seem to be no different 
than those experienced from metrazol treatment.- 

As might be expected, the results from electric convulsion therapy 
are hardly different from those which have been observed following 
metrazol. Early in our work w'ith this treatment we used only 
patients who had been ill for long periods and whose prognosis 
was hopeless. Our figures, therefore, do not reflect the best that the 
treatment offers. The figures of our results (Table 1) and our 
clinical impressions from experience with this treatment lead to 
the following somewhat dogmatic assertions: 

1. Convulsion therapy with electric shock (as with metrazol) 
is most effective in manic depressive psychoses of either manic 
or depressive preponderance, involution psychoses, and in some 
catatonic states. 

2. Convulsion therapy only occasionally produces lasting benefit 
in hebephrenic or paranoid schizophrenic patients. 

3. The results of treatment are favorable in inverse proportion to 
the duration of illness. Duration over one year of any psychosis is 
likely to be unfavorable. 

4. In our experience no unfavorable effects on the psychoses have 
been produced by the treatment but progress of deterioration in old 
patients has been unaffected. No clinical evidence of irreversiiffe 
neurologic damage has been encountered. 

We have not thus far seen any patients whom we think have been 
made worse by tlie treatment or who have suffered any serious or 
permanent injur,^' therefrom. No late complications have as yet 
been observed but we have been giving the treatment for only one 
year (April, 1941), and have treated 102 different patients with the 
production of 569 seizures. 

Comparison between the electrical convulsions and those pro- 
duced by metrazol from a therapeutic point of view is of some 
interest. The outstanding difference between the two methods of 
treatment is, of course, the relative absence of fear on the part of tiic 
patient of the electric seizure. This is, no doubt, due to the almost 
instantaneous effect of the current and to the complete amnc.-(a of 
the patient for any part of the treatment. There is .some retrograde 
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amnesia so that the patient does not usually remember even lying 
down and having the electrodes applied, and the awakening from the 
electrie convulsions is more rapid and quiet as has been mentioned. 
The therapeutic results of the two methods seem to be practically 
parallel as far as expectations in the group treated can be con- 
sidered. Electricity can produce seizures without the difficulty or 
danger attending intravenous injections. This is to be considered 
a distinet advantage. 

Conclusions. We have completed electric .shock treatment on 
68 patients suffering from various psychoses. Nine were regarded 
as recovered; 13 had a “social remission;” 33 more were regarded as 
improved, and 13 as unimproved. 

This interesting therapeutic method must still be considered 
experimental and not be generally applied without great caution and 
circumspection. Patients submitted to the treatment should be 
observed for a long period afterward to determine the possibility 
of late complications. If these should be no worse than the effects 
of metrazol, electric convulsion therapy must be considered a 
distinct adjunct to our present methods. 
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THE ASSIMILATION RATE OP INTRAVENOUSLY INJECTED 
GLUCOSE IN HOSPITAL PATIENTS. 

By James C. Cain, M.D., 

FELLOW IN MEDICINE, MAVO FOUNDATION, ROCHESTER, MINN., 

AND 

William P. Belk, M.D., F.A.C.P., 

DIRECTOR OF LABORATORIES, THE EPISCOPAL HOSPITAL, PHILADELPHIA, PA. 
(From the Wards and Laboratorj' of the Episcopal Hospital.) 

In 1917, Sausum and Woodyatt,* and Wilder and Sausum,"- found 
that the intravenous glucose tolerance limit in man and experimental 
animals was approximately 0.85 gm. per kilo per hour. The suli- 
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Jecfe studied were normal, injections were continued over long 
periods of time, and the rate of injection was carefully controlled 
by a special pump. An 18% solution of glucose was used in most 
e^eriments, but it was found that wide variation in concentration 
did not influence the tolerance limit. When the rate of infusion 
exceeded 0.85 gm. per kilo per hour, glycosuria appeared promptly. 
With the higher injection rates, although glycosuria was constant’, 
the amount of glucose lost in the urine was only a fraction of that 
injected, and by no means the total amount in excess of 0.85 gm. 
Glycosuria was observed to stop within a few minutes after dis- 
continuing the injection. Under conclusions (1) they state: “For 
any individual case the rate at which glucose enters the blood deter- 
mines the rate of glucose utilization and excretion . . . .” Very 
probably others have conducted similar studies since these reports 
were published, but we ha^•e been unable to find such references by 
a search of titles. 

The object of the present study was to observe the intravenous 
glucose assimilation rate in hospital patients, and to learn to what 
extent this should be taken into account in the practical administra- 
tion of glucose by vein for the maintenance of fluid balance and other 
purposes. 

Method. The subjects studied were adult patients on the surgical serwce 
of Dr. E. T. Crossan. Weights were determined by estimate, or by ques- 
tioning. Glucose was administered b 3 ' an ordinar}' grawtj' apparatus, the 
rate of injection being calculated from the total amount given and 
the time consumed in the process, although everj- effort was made to keep 
the flow constant. Urine was collected for a period of 12 hours from the 
beginning of injection, and the amount of glucose excreted was determined 
bj' the method of Folin and Wu as for blood sugar, after treatment vath 
Lloj'd’s reagent. 

The more important data are recorded in Chart 1. Case 22 was 
found, on autopsy, to have a carcinoma of the pancreas and is 
thought to have been diabetic, although he did not have glycosuria 
or fasting hyperglycemia. His data were not included in the calcu- 
lations. Observations are arranged in order of increasing injection 
rates of glucose per kilo per hour. Grams of glucose retained per 
kilo per hour are calculated by diflerence from grams given and 
grams lost. The chart shows grams of glucose given per kilo per 
hour plotted against grams retaine*! per kilo per hour. 

Discussion. The coefficient of correlation for grams of glucose 
given and grams retained is verj' high, 0.9S9S. This is in agreement 
with the statement of Sansum and oodyatt quoted above, that 
the rate of injection determines the rate of utilization. Tiie maxi- 
mum utilization rate wlien a considerable quantity of glucose was 
given (Case 21) was 5.77 gm. per kilo per hour, or S7 gm. in 20 min- 
utes. The assimilation of IS gm. per kilo per hour when 2.5 grn. 
were injected in 1 minute (Case 22) is regarded too acute an e.xpcn- 
incnt to be tx-pical. 
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Of equal importance for the purpose of this study is the observa- 
tion that there was essentially no correlation between the rate at 
which glucose was injected and the amount lost in the urine. The 
coefficient of correlation was 0.1063. All cases lost some glucose. 
This is not in agreement with the observations of Sansum and 
Woodyatt who found the rate of loss to be determined by the rate 
of injection, and who observed no glycosuria with low injection rates. 
That there should be glycosuria in all cases seems understandable, 
however. The injection of 100 cc. of 5% glucose would, by calcula- 
tion, raise the level in 5000 cc. of blood from 100 to 200 mg. per 
100 cc., at which concentration some glucose must reach the kidneys 



Qrams Gilucosl' Qwen Per Kilo. Per Hour. 


ClIAIlT 1. 

before passage through liver and muscles. The occurrence of both 
small and large losses of glucose with both low and high rates of 
injection is interesting. The “spilT' varied approximately from 
0.3% to 30%, the average being 12.2%. For this we could find no 
explanation. The fasting blood sugar, the total amount of glucose 
given and the presence of fever were considered and found to be 
unrelated. Previous diet possibly had some effect, as glycosuria 
wa.s slightly heavier in those who liad fasted. This, however, was 
an inadequate explanation. From general knowledge of the many 
factors influencing carbohydrate tolerance, one might predict a wide 
variance in ill individuals in their ability to absorb glucose. In 
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addition to fever and previous diet, nervousness, temporary impair- 
ment of liver, pancreas, adrenals, thyroid and pituitary; the effect 
of such drugs as morphine, chloral, nembutal; acidosis; alkalosis; 
and inherited peculiarities, must effect sugar metabolism of the 
average surgical patient in varying degrees and combinations. 


Table 1. — Observations on the Intravenous Administration of Glucose at 
Varying Rates to Hospital Patients. 


Case. 

Diagnosis. 

Weight 

Fasting 

blood 

Fluid 

Glucose Glucose 
Glucose given retained 
given (cm,). (cm.). 

Glucose 

lost. 

(kilos). 

sugar. 

given. 

(gm.). 

kilo/hr. 

kilo/hr. 

%. 

1 

Salpingitis 

S9 


900 

5% 

45 

0.073 

0.072 

0.533 

2 

Hupfc. appendk 

01. S 

9o 

3500 

5% 

4000 

5% 

173 

0.159 

0.154 

3,24 

3 

Rupt. gast. ulcer 

01 

107 

200 

0.222 

0.217 

1.5 

4 

Ac. appendix 

80 

90 

2000 

5% 

100 

0.390 

0.290 

27.20 

S 

Rupt. appendix- 

30 

no 

1000 

5% 

3000 

5% 

50 

0.4G3 

0.458 

0.944 

C 

uterine fibroid 

80 

91 

150 

0.512 

0.500 

2.39 

7 

Abortion 

80 

88 

2000 

5% 

100 

0.753 

0.G8G 

8.83 

8 

Ca. colon 

S4.0 

115 

1500 

5% 

75 

0.926 

0.832 

10.00 

9 

Gang, appendix 

SO 

103 

2000 

5% 

100 

1.13 

0,82 

27,34 

10 

Gast. neurosis 

43 

83 

1000 

10% 

1000 

10% 

100 

I.IC 

1.04 

10.58 

11 

Pul. tuberc. 

03.4 

97 

100 

1.193 

0.871 

20.98 

12 

Ca, colon 

54.5 

115 

1000 

10% 

3000 

5% 

100 

1.301 

1.005 

18.32 

13 

Rupt. appendix 

01.8 

95 

150 

1.323 

1.132 

14.43 

14 

Rectal fistula 

57 

90 

1000 

5% 

50 

1.40 

1.43 

2.10 

15 

Rupt. appendi.v 

03 

S3 

1000 

5% 

50 

1.59 

1.44 

9.22 

10 

Inlost. obstruct. 

41.8 

130 

3000 

5% 

150 

1.824 

1..307 

28.33 

17 

Alcoholism 

08 


1000 

10% 

3000 

5% 

100 

1. 900 

1.953 

0.3C7 

18 

Intest, obstruct. 

48.1 

130 

ISO 

2.2IG 

1 . 5G5 

29.40 

19 

Chr. glomerulo- 
nephritis 

73 

92 

500 

20% 

100 

3. GOO 

3.537 

I.8S.5 

20 

Sept, abortion 

40 

91 

500 

20% 

100 

0.020 

5.773 

12.83 

21 

Chr. glomenilo- 
nephrosis 

73 

92 

50 

50% 

25 

20.5 

18.0GI 

9. CO 

22 

Ca. pancreas 

.’>9 

105 

3000 

5% 

MO 

0.8S0 

0.370 

58.00 


These observations have a practical application. It i.s cii.stomar.\- 
to administer glucose solutions at the arbitrarily determined rate of 
about 60 drops a minute. This limit is supposed to guard against 
embarrassment of the circulation, and to obviate appreciable wast- 
age of glucose in the urine. At 60 drops per minute a liter of fluid 
requires 333 minutes for injection (20 drops = 1 cc.). At the rate of 
Q.So gra. of glucose per kilo per hour, a liter of 5% solution requires 
60 minutes for injection (16 cc, per minute), a liter of 10 % solution, 
120 minutes (S cc. per minute). These rates, for volume, are 
approximately those recommended as safe by Gilligan and .-Vlt- 
schule,= 10 to ’20 cc. per minute. The administration of 3 or 4 liter.s 
of fluid a.s commonly required to maintain Hiiid balance in 
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and dehydrated adults consumes 15 to 20 hours at the 60-drop 
(3 cc.) per minute rate, five times as long as at 15 cc. per minute. 
It is our belief that the tedious drip method, often continued for 
24 hours or longer, is needlessly tiresome and annoying to both 
patient and ward staff, and that practical considerations make it 
desirable to complete the parenteral administration of fluid during 
the daylight hours, as is possible in most cases. The studies of 
Gilligan and Altschule show this to be practicable, although due 
consideration must be given to circulatory weakness in individual 
cases, low plasma protein, weight of solution (5% glucose in physio- 
logic saline is twice as heavy as either alone) and total volume to 
be injected. The present study shows that, although a portion of 
infused glucose is lost in the urine in all cases, this loss cannot be 
controlled by retarding the rate of infusion, and is, therefore, not 
an argument for drip administration. 

Conclusions. The assimilation rate of intravenously administered 
glucose in hospital patients was found to be correlated with the 
rate of injection. The assimilation of 5.77 gm. per kilo of body 
weight per hour was observed. 

In all cases some glucose was lost in the urine, the amounts varying 
from approximately 0.3% to 30% of the total given. The average 
loss was 12.2%- 

The proportion of injected glucose lost in the urine was not cor- 
related with the rate of injection, nor with the total amount given 
within the limits studied. This “spill” is conditioned by factors 
within the individual patients. 

For practical purposes, the rate for the intravenous administra- 
tion of glucose may be determined solely on two considerations: 
first, the hydrodynamics of the patient’s circulation; second, techni- 
cal convenience. 
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FATAL HYPERINSULINISM WITH CEREBRAL LESIONS DUE TO 
PANCREATIC ADENOMA. 

By a. j, Kerwin, M.D., 

LECTUnER IX PATHOLOGY, UNIVERSITY OF TORONTO, TORONTO, C.ANADA. 

(From the Department of Pathology^ and Bacteriology', University of Toronto and 

the Toronto General Hospital.) 

Islet cell tumors of the pancreas are ratlier uncommon in autopsy 
material. Some 11 examples have been encountered among 6700 
autopsies in this department since 1925. Usually these were quite 
small and were picked up only on routine microscopic section of the 
pancreas. The true incidence is therefore probably much higher 
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than this would indicate. Commonly they give rise to no symp- 
toms, because either they do not secrete insulin, or, if they do, 
there is^ insufficient to upset the normal carbohydrate regulating 
mechanism. Approximately 100 cases have been described in the 
literature.^ Four cases with surgical cure have previously been 
reported from this institution.^ 

The various symptoms resulting from hj’perinsulinism are fairly 
well recognized and need not be recapitulated here. Wilder^ has 
recently discussed them in detail. 

The present case was thought worthy of record because of the 
rapid course to a fatal outcome, and the faet that the proper diag- 
nosis was made and then discarded because glucose therapy did not 
afford the expected relief. 

• 

Case Report. N. D., a married woman, aged 42. Except for an unusual 
number of headaches in the pre\aous 4 months, she was well until August 3, 
1940, when she became mentalty confused and wandered aimlessly about 
the house. She recovered spontaneously but the next morning remained 
in bed in a stuporous condition despite the fact that she was expecting 
guests for dinner. B3' 10 a.m. she had become perfectlj" normal again 
without treatment. The following day she w'as given a complete phj’sical 
examination, but nothing abnormal w’as found. For some months she had 
been taking thjToid extract for obesity without her doctor’s knowiedge. 
In the nex-t w'eek she had tw'o more spells of amnesia and confusion which 
passed off apparentl3' without treatment; an adequate histor3' of these was 
lacking. 

On the morning of August 9, she was found hing in bed in a comatose 
condition from which she did not recover all da3L Examination that 
evening b3^ a consultant revealed onh' right lower facial weakness; the 
reflexes were normal and there was no papilledema. During the e.xamina- 
tion, she roused herself somewhat and it was noted that her speech was 
thick and blurred; all test objects were called b3' the same name. Because 
of strong resistance on the part of the patient an attempt at lumbar punc- 
ture was unsuccessful. A few minutes after the struggle, she suddenfv 
regained all her faculties and was apparent^' normal. Later in the week 
she had several similar attacks during which she was incontinent; the com- 
plete histor3" of this period was not available. 

On August 13, 1940, she was admitted to the hospital after ha^^ng bren 
in a deep coma for the pre^uous da3'' and a half. Ph3-sical examination 
except for the coma and absence of all reflexes was negative. There was 
no response to an3' stimuli. The temperature was 103° F. and the pulse 
rate 108 per minute and regular. The spinal fluid was normal to routine 
e.xamination; the blood Iv.P.N. measured 58 mg. per 100 cc. 

A proAUsional diagnosis of h3’’pogl3'cemia was made. The blood sugar 
at 3 p.xr. equaled 43 mg. per 100 cc. After this was reported, she was pycn 
100 cc. of 50% glucose in addition to the continuous intravenous of o.r 
glucose she had alread3’ been recei^ung. At 9 p.xi. the clinical condition 
was not improved in spite of the fact that the blood sugar had ri-sen to 
172 mg. The next morning her temperature had fallen slighth' but sne 
was still deeph’ unconscious; the blood sugar had dropped to GO mg.; 100 cc. 
of 50% glucose was again administered intravenoush’, but uie coma con- 
tinued and tlie blood sugar that evening was only 42 mg. On August 1.1 
the temperature had risen to 104°, the blood sugar wa.s 40 mg., and tier 
clinical condition was unchanged. After several previoush- un.‘-uccc>‘-ln 
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attempts, a duodenal tube was passed and feedings given. The blood sugar 
had risen that evening to 93 mg. per 100 cc., but she was unimproved. 

Up to this time the diagnosis of pancreatic adenoma with hyperinsuhn- 
ism had been considered likelj'', but in view of the failure of intravenous 
glucose to rouse her from coma, though the blood sugar had been brought 
to normal or over on two occasions, this diagnosis was abandoned. It was 
thought that she might be suffering from an unusual form of encephalitis. 

On August 17 the spinal fluid sugar was 73 mg. per 100 cc. Her condi- 
tion remained unchanged until August 19 when the temperature rose to 
106°, the pulse to 140 and she died 16 days after the beginning of the 
present illness and after 8 days of continuous coma. 

Autopsy findings (complete autopsj^ 1=1 hours after death). Gross: The 
body was well developed and rather obese, weighing 162 pounds. The onlj'' 
findings of interest were in the pancreas and the brain. 


Fig. 1.— Larger islet cell adenoma of pancreas, including part of capsule and showing 
fibrosis of central portion. X 25. H. & E. (Low power.) 

Tile pancreas weighed 05 gm. and measured 18 cm. in length. Tlie 
configuration was normal except that in the tail, 3 cm. from the end, there 
was a small spherical nodule. About one-half of this mass protruded from 
the middle of the anterior surface of the pancreas. It was soft, well encap- 
sulated and was dissected out easily; it weighed 2.7 gm. and measured 
1.9 cm. in diameter. The cut surface was uniformly yellowish-white and 
not congested. Serial section of the rest of the pancreas revealed no lesions 
Assay of the insulin content of this tmnor (Dr. D. A. Scott, of the Con- 
naught Laboratories), showed 30 units of insulin per gm., or approximatelv 
10 to 15 times the content of nonnal pancreatic tissue. 

The brain weighed 1325 gm. There was congestion of the superior cere- 
bral veins and a small quantity of fresh blood in the Subarachnoid space 
over the right frontal lobe. The external surface showed no cortical atrophy 
or other abnonnality. Section of the brain revealed some edema with 
narrowing of the ventricles but no other changes. 

The pituitary weighed 0.6 gm. and was grossly nonnal. • 

The other organs were remarkably free from lesions. 
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Microscopic: Pancreas— tlie tumor was composed of epithelial cells 
arranged in slender ribbons, rounded massas and alveolar structures 
■uf' arrangement varied in different fields but was chiefly of the 

ribbon type; often these ribbons were made up of a single la.ver of cells, but 
1113113^ also resembled pseudostratified columnar epithelium! The alveolar 
stimctures consisted of a single row of columnar cells around a capillar 3 ’, 
only occasionally fonning a complete circle. It is possible that these differ! 
ences in appearance were due to the cutting of ven,^ tortuous ribbons at 
various levels and in different directions. 

With liematox 3 din and eosin stain some of the epithelial cells had large 
round nuclei which tended to be vesicular in t}'’pe, but most of them were 
smaller and oval in shape and the chromatin was more diffusel 3 ^ distributed 
(Fig. 2). Usually the nuclei were centrall 3 ’' placed; the oval nuclei were 
often squeezed slightly to one pole by the pressure of contiguous cells. In 
the alveolar structures the nuclei were nearl}' alwa 3 's peripheral. In gen- 



Fig. 2.— Larger adenoma to show* cellular structure. X 2*10. H ife F. (High pou'or.) 


eral appearance most of these cells did not closelj' resemble normal Islet 
cells, but near the capsule some did, the nuclei being smaller and more 
diffusely stained. Mitotic figures were rare and there was no invasion of 
vessels. The c 3 'toplasm ivas finel 3 ' granular and purplish in color. 

Surrounding these columns of cells but separated from them In' an open 
space was a fine supporting network of naked capillaries usuaih’ having a 
diameter about that of a red cell. In man}' places there appeared to be 
openings in these capillaries and a number of red eells la}' free in the space:^ 
next to the epithelial masses. Near the capsule the framework wa.s tlncKcr 
and there were fibrocytes surrounding the capillaries; a number of l}'mplio- 
c\'tes were also seen. Toward the center of the tumor the cell cords were 
separated and compressed b}' irregular and relatively acelhilar mas.-c.- o 
connective tissue surrounding the capillai}' network. In a few areas 
showed beginning liyalinization; no calcification was evident, the oc . - 
siona! small pancreatic duct radicle was obscn'cd. 
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The capsule of the tumor was composed of a layer of collagenous connec- 
tive tissue of variable thickness in which lay a number of islets and small 
ducts. These islets were somewhat flattened but appeared nonnal except 
that some were several times the usual size. 

Though special stains of the formalin-fixed tissue were not entirely satis- 
factory, Bowie's stain did show that about 75% of the granules appeared 
to be of the beta type. Most cells contained only beta granules; many 
contained alpha granules as well. 

Routine blocks of the pancreas elsewhere revealed another small adenoma 
about half the size of a low power field (Fig, 3). The general structure 
was the same as that of the larger tumor except that the capsule was thin 
and in some areas deficient, and there was much less fibrosis. 



Fui. 3.— Smaller adenoma showing resemblance to the larger one. X 70. H. & E. 

(Low power.) 


Several other sections of the ]>ancreas i)resentcd no abnormality. 

Brain. Numerous blocks were cut and stained with hematoxylin and 
eosin, cresyl violet, Mallory’s phos])hotung.stic acid and Mallorj’^’s connec- 
tive tissue stain. 

In the left frontal lobe there was much thickening and gliosis of the 
molecular cortical layer. Edema was well marked in both the gray and 
white matter and there was considerable swelling of oligodendrogJia, Tljc 
small vessels were congested and there was hemorrhage into the perivascu- 
lar spaces in some areas; in others a few lymphocytes were .seen. Some of 
the cortical nerve cells showed pyknosis"^ and shrinkage. In the deeper 
layers of the cortex neuronophagia was evident. In the other sectioirs of 
the cerebrum, similar changes were present in vandng proportions. The 
left hyj)othalamus presented .subependj'inal gliosis, congestion and an occa- 
sional perivascular hemorrhage; no significant neive cell change.s were noted. 

In the midbrain tiiere was moderate subependjunal gliosis below the 
aqueduct and just deep to the pia. Edema and congestion were evident 
here also and there was some swelling and chromatolvsis in the nerve cells 
of the oculomotor nucleus. 
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CEREBRAL LESIOKS 


In the pons the ependyma was thrown into folds by proliferation of 
underlying ghal tissue; gliosis was also e\adent around the small vessels 
Many of the nerve cells revealed acute degenerative changes with swelh'ng 
of the cell bodies and eccentration of the nuclei. 

Transverse section of the open medulla showed an ■ intact ependjuna 
beneath which lay a narrow band of gliosis. jEdema and congestion were 
evident throughout the tissue. In the superficial portions of the floor of 
the fourth ventricle a few of the nen^e cells showed pyknosis but the majoritv 
were entirely normal. 

The arteries and arterioles were everj'where normal. 

Pituitary. The gland was preserved in formol-saline and cut trans- 
versely. Sixteen pairs of slides were made at various levels and stained 
with hematox 3 din and eosin and Mann’s stain. There was some variation 
in the picture from section to section. The normal proportions of the 
various cell types were present in several sections, but on the whole the 
eosinophils were less numerous than usual. The number of chromophobes 
was definitely increased in manj' places. The basophils were slightlj' 
increased in some sections but this was not a prominent feature. No baso- 
phil adenomata were seen; two small, poorly circumscribed, nodular masses 
of chromophobe cells were identified. The pars intermedia presented no 
abnormality. Slight invasion of the posterior lobe bj’- basophils was evi- 
dent in some sections but this never e.xceeded normal limits. 

Microscopic e,\amination of the other organs revealed no abnormalities. 


Comment. The majority of cases of islet cell tumor run a pro- 
longed intermittent course whicli may last for some years. One 
case, reported by Barnard,- died about 4 months after the onset of 
symptoms, but I have not encountered in the literature a case com- 
parable to this in w'hich the total length of the illness was apparently 
only 16 days. 

In this patient stupor and mental confusion were the" outstanding 
features, and tlie attacks came on without the prodromal s.\’mptoms 
and signs so frequently seen. The severitj' of the process probably 
accounted for this, ilotor phenomena except for facial weakness 
on one occasion and speech defect were notably absent. 

One attack terminated spontaneously just after a struggle induced 
by attempted lumbar puncture. One may postulate that the physi- 
cal effort resulted in release of adrenalin with mobilization of glucose 
from the liver. 

Wilder," quoting IVhipple, states that the relief of symptoms mill 
return to normal resulting from the administration of glucose i.s 
one of the criteria for the diagnosis of hyperinsulinism. Usually 
this criterion can be fulfilled, but unfortunately in the present case 
the strict application of this principle caused the abandonment of 
the correct diagnosis. The effect of glucose is generally dramatic, 
but if tlie attack is ^-ery severe and prolonged no clinical improve- 


ment niay result. _ r . i i . 

In the temporary episodes quickly and completely relie\e(l n 

alucose, it seems not unlikely that the hypoglycemia i.s per sc 
responsible for the symptoms, as it apparently is in hypoglycemia 
from causes other than hyperinsulinism. In the .severe attack.s 
whose sequelie may be hemiplegia, idiocy, dementia, anil so on, am 
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in which bringing the blood sugar to or above normal does not restore 
the patient, cerebral damage is probably the main factor. 

The cerebral changes produced by fatal hyperinsulinism whether 
due to islet cell tumor or insulin shock therapy are variable. They 
have recently been reviewed by INIalamud and Grosh,® and Baker.^ 
Congestion, edema, hemorrhages, perivascular lymphocytic infiltra- 
tion, cortical atrophy, degeneration of ganglion cells in cortex and 
basal ganglia, degeneration of neurones and encephalomalacia have 
been described by different authors. Similar lesions have been 
produced in the experimental animal in some cases. 

In this case, moderate edema and congestion, and a small sub- 
arachnoid hemorrhage Avere present in the gross. Microscopically, 
the cerebral cortex showed some degeneration of nerve cells and 
neuronophagia. Nerve cell changes were also seen in the mid-brain 
and pons but not in the hypothalamus. The rapid progress of the 
disease AAmuld seem to account for the lack of striking changes in 
the brain. The gliosis, though not marked, is difficult to explain. 
It is unlikely that it could have developed in just over 2 weeks. 
Nor is it probable that it represents pre-senile changes in so young 
a woman, especially in Anew of the complete absence of vascular 
sclerosis. An alternative explanation is that the patient suffered 
a number of mild hypoglycemic attacks AA'hich passed unnoticed. 
It cannot be denied for certain that the headaches over a period of 
4 months preceding the apparent onset of the illness did not repre- 
sent hypoglycemic episodes; if they did, they Avould seem to have 
been too slight to cause cerebral damage. 

The mechanism of insulin action on brain tissue has not been 
satisfactorily explained. A number of theories haA'^e been adA'anced, 
but no adequate evidence for any of them has been adduced. 

Several authors have draAvn attention to changes in the pituitary 
gland. Friedman® has recently described basophil and eosinophil 
hyperplasia of the anterior lobe in 2 cases, 1 of which also shoAA'ed 
massive basophil invasion of the posterior lobe. Malamud and 
Grosh® mentioned in their case that there Avas eosinophil hyperplasia 
of the anterior lobe and a small basophil adenoma. No alterations 
of tlie pituitary have been consistently described and, in most cases, 
the gland has been normal. Those changes present in this case 
Avere not of marked degree and did not correspond to those noted 
by Friedman. Their significance, if any, is not clear. 

Summary. A case of fatal hyperinsulinism due to multiple islet 
cell tumors of the pancreas has been reported. The patient died 
16 days after the onset of the first symptoms, and after 8 days of 
continuous coma. 

The tumor contained 30 units of insulin per gram of tissue. 

The brain showed congestion, edema, hemorrhages, nerve cell 
degeneration and gliosis, but these changes Avere not severe. 

The case AA-as notable on account of the rapidly fatal issue and tlie 
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fact that the diagnosis aa’rs missed because the patient did not 
respond to the administration of glucose. 

I am indebted to Prof. William Bo 3 'd for permission to publish this case and to 
Prof. Eric Linell for the use of his reports on the brain and help in their interpretation. 
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THE PROGNOSIS OF PNEUMOGOCCIC MENINGITIS TREATED 
WITH CHEMOTHERAPY. 

Bi' G. Hollander, M.D., 

INTEnK, JEFFEHSOM MEDICAL COLLEGE HOSPITAL, PHILADELPHIA, PA.; FORMERLY 
INTERN IN' PHY'SIOLOGICAL CHEMISTRY. 

(From the Department of Pediatries, Jefferson Medical College Hospital.) 

With the growth, popularity and intelligent use of the newer 
methods of therapy in pneumococcie meningitis the prognosis has 
been much improved. Following our first successful recovery of a 
T,^'pe Xn' pneumococcie meningitis we became sufficiently inter- 
ested to ret'iew the literature in order to determine the I'alue of 
chemotherapy in this 'infection. This report is a review of the 
260 reported cases that have been treated with chemotherapy, with 
or without specific serum, in an attempt to evaluate the effectiveness 
of each of the therapeutic agents, alone and combined. 

Table I.— Results of Treatment of Pn'eumococcic ME.vt.voms r.v All Reported 




Cases. 

Died. 


Recovered. 


Total. 

No. 

%. 

No. 

7c- 

Sulfanilamide 

. 7S 

50 

64.1 

28 

35.9 

Sulfanilamide — serum 

50 

34 

6S.0 

If) 

32.0 

Sulfapj-ridine 

. S2 

34 

41.5 

48 

5S 5 

Sulfapj'ridinc — scrum 

. 50 

21 

42.0 

29 

5S 0 

Chemotherapy . 

, IGO 

84 

52.5 

76 

d* 5 


— 

— 

' — - 

— 

— 

Total 

200 

139 

53.5 

121 

40 5 


Chemotherapy. In the years previous to the use of tiie sulfoiia- 
mide drugs tlie number of cures (63) were so few that the fatal 
prognosis in this disease was considered to be from 95% to 100%. 
From Table 1 it is seen that in 160 cases treated with chemotherapy 
alone, sulfapyridine bears out experimental evidence that it i.s -i 
more efficacious drug in pneumococcie meningitis tlian is 
mide. In 82 eases treated with sulfapyridine there were 
recoveries compared to the recovery rate of .‘?5.9% in 7S ca.se.-, treats 
with sulfanilamide. 
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Other sulfonamide drugs have to be considered as possible thera- 
peutic agents. While a recoverj’^ with the use of sulfathiazole has 
been reported^® its poor concentration in the spinal fluid compared 
to its concentration in the blood eliminates it as a factor in the 
treatment of this infection. Sulfadiazine (2-sulfanilamidopyrimi- 
dine) has been shown to pass over into the cerebrospinal fluid^’^s 
in concentrations of two-thirds to four-flfths of that which exist in 
the blood. While experimentally*- it is less effective in Type I 
pneumococcic infections in mice, clinical evidence may show it to 
be of some value in this disease. 

Clieviotherajjy and Specific Senini. It has been definitely stated 
by many that there exists no clear evidence that the use of serum 
with the sulfonamide drugs has materially affected the course of 
pneumococcic infections.^'*®'*"*’*®’-® Others®'"*'®’*’*® have found both 
experimentally and clinically that the efficiency of specific serum as 
well of tlie sulfonamide drugs, was enhanced by the use of the two 
simultaneously. In these studies this action was beyond that which 
would be expected from the simple additive effect of the two. 

Table 1 shows that the percentage of recovery with sulfapyridine 
as compared to sulfapyridine-serum therapy is similar, 58% recov- 
eries. In Types I, V, and VII in which the value of serum is the 
most efficacious, Table 2 shows that there is little difference in the 
fatality rates from drug or drug-serum therapy with the exception of 
Type V, in which combined therapy is of lvalue (83% recovery with 
sulfapyridine-serum therapy). However, combined sulfapyridine- 
serum therapy may raise the prognosis in the younger age groups 
(Table 4), and in meningitis secondary to an otorhinologic condition 
(Table 3). 

It has been suggested that both specific serum and sulfapyridine 
be administered in adequate dosage as early as possible for its 
immediate effect in tiding the patient over the immediate emergency 
since Haviland® has shown that with chemotherapy alone antibodies 
may not occur for several days after the temperature has fallen to 
normal, while Macintosh and AVhitby*® demonstrated that it takes 
G hours or more for the bacteriostatic action of sulfapyridine to 
take place. Contrary to this, Spring and his associates®® demon- 
strated that in some patients even the presence of a high titer of 
antibodies does not guarantee recovery, while recovery may occur 
in others without demonstrable antibodies in the blood stream. 
Furthermore the combined drug-serum therapy may be given to 
tlie younger age groups, in meningitis secondary to an otorhinologic 
condition, in patients wlio have an idiosyncrasy to the sulfonamides 
in an effort to lessen toxic effects, in those who fail to re.spond within 
24 to 48 hours to chemothcrai>y and in those eases in which the pneu- 
mococcus develops a tolerance to the drug. 

Dosage. I he doses of the sulfonamide given to recovered cases 
has been quite variable. hlacKeith*"* has reported a recovery with 
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a total dose of 12 gm. of sulfapyridine ^diile Hhoads-^ has had to 
use a dose as high as 176 gm. throughout the illness for recovery to 
occur. Fatal cases have received doses as high as 90 gm. without 
appreciable effect. 

Table 2. — Types op Pneumococcus in Reported Cases of Pneumococcic Men- 
ingitis With the Use op Sulfonamide Drugs. 


Sulfanilamide 

Sulfanilamide. eerum. Sulfapyridine. 


Type. 


I . . . 

II . . . 

III . . 

IV . 

V . . . 

VI . . . 

vir . . 
viri , . 

IX . . 

X . 

XI . . 

XII . , 

XIII . . 

XIV 

XV . . 

XVI . , 

XVII . . 

XVIII 

XIX . . 

XX . . 

XXI . . 

XXII 

XXIII 

XXIV 

XXV . . 

XXVI 

xxvai . 

XXITII 
XXIX. 
XXX . 
XXXI. . 
XXXII . 
Over XXXII 
Not stated 

Total . 


Recov- 

Died. ered. 

3 2 

0 0 

10 S 

2 2 

1 3 

3 0 

3 0 

0 0 

1 0 

0 0 

0 0 

0 I 

1 1 

0 1 

0 I 

0 0 

0 1 

1 0 

1 0 

0 1 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 1 

0 1 

0 2 

0 0 

0 1 

0 0 

2 0 


50 28 


Recov- 

Died. ered. 

0 2 

0 2 

3 1 

0 1 

0 0 

1 2 

0 4 

1 0 

0 0 

0 0 

1 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 1 

2 0 

0 1 

0 0 

I 0 

0 * 0 
0 0 

0 0 

1 0 

0 0 

0 0 

1 1 

0 0 

0 0 

0 I 

0 0 

0 0 

23 0 

34 IG 


Recov- 

Died. ered. 

1 3 

0 0 

4 4 

1 3 

0 3 

3 0 

0 0 

0 0 

0 1 

3 1 

0 0 

1 1 

0 0 

2 2 

0 1 

1 0 

1 1 

4 2 

2 2 

0 0 

0 0 

1 0 

1 2 

0 0 

0 2 

0 0 

I 0 

0 1 

0 0 

0 0 

1 0 

0 0 

1 1 

0 IS 

34 48 


Sulfapyridine 

serum. 


Recov- 

Died. ered. 

2 3 

0 0 

3 G 

3 3 

1 5 

0 0 

1 0 

1 0 

1 0 

1 1 

0 0 

0 0 

0 1 

2 3 

0 0 

0 0 

0 2 

3 0 

0 2 

0 1 

1 1 

1 0 

1 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 1 

0 0 

0 0 

21 20 


The difficulty in regard to dosage is the irregularity of absorption 
of tlie drug, thus accounting for the great variations in its effect and 
in its concentrations in both blood and spinal fluid. In this respect 
while a level of sulfapyridine ranging from 10 to 20 mg. per 100 cc. 
of ’blood is desirable, Hodes'* has reported recoveries with blood 
levels as low as 1.7 mg. per 100 cc. in some, to as high as 30.3 tng. 
per 100 cc. in others; with spinal fluid levels ranging from 1.1 mg. 
per IGO ec., to as high as 29 mg. per 100 cc. 

The time required for the cerebrospinal fluid to become sterile 
varies considerably both in regard to the concentration of the dnig 
and tiic dosage. Generally in the majority of recovered it 
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becomes sterile in 4 days or less. A sterile culture obtained within 
this time was only rarely followed by death. In those cases with 
relapse, during which time the cerebrospinal fluid again contained 
pneumococci, the time taken to sterilize the spinal fluid also varied, 
but averaged about 7 days. 


Table 3. — Etiologic Incidence or Reported Cases of Pneumococcic Menin 
GiTis With Recovery Compared to Incidence of Total Reported Cases. 



Av.* inci- 

Non- 

specific 

treat- 

Specific 

Sulfanil- 

Sulfanil- 

amide 

and 

Sulfnpyr- 

Sulfapyr- 

idine 

and 


dence. 

ment. 

serum. 

amide. 

serum. 

idine. 

serum. 

otitis media and/or 

101 

8 

1 

15 

3 

14 

14 

mastoiditis 

34,8% 

28.5% 

2.9% 

53,6% 

18.8% 

29.2% 

48.1% 

Sinusitis 

14 

1 

0 

3 

3 

3 

1 

Head injuries 

4.8% 

22 

3.6% 

1 

6 

10.7% 

2 

18,8% 

1 

6.2% 

1 

3.5% 

1 

7.5% 

3.6% 

17.1% 

7.1% 

6.2% 

2.1% 

3.5% 

Operations on head 

8 

1 

1 

3 

0 

2 

1 

Pneumonia 

2.7% 

49 

3.6% 

5 

2.9% 

9 

10,7% 

0 

1 

4.2% 

3 

3.5% 

2 

Upper respiratory 

16.9% 

18 

17.9% 

5 

25.8% 

6 

1 

6.2% 

0 

6.2% 

2 

6.9% 

2 

infections 

6.2% 

17.9% 

17.1% 

3.6% 


4.2% 

6.9% 

Primary 

65 

6 

12 

3 

8 

15 

7 

22.3% 

21.3% 

34.2% 

10,7% 

50.0% 

31.3% 

24.1% 

Miscellaneous 

14 

1 

0 

1 

0 

8 

1 

Total .... 

4.8% 

291 

3.6% 

28 

35 

3.6% 

28 

16 

16.6% 

48 

3.5% 

29 


* Total cases of authors quoted 


Type of Pneimococcvs. Investigation with regard to the types 
of pneumococci which are involved in pneumococcic meningitis, as 
given in Table 2, show the wide variety which are responsible in this 
infection. The effect of the sulfonamides upon the various types 
shows that their efficiency is relatively unimpaired by the type of 
pneumococcus involved. This is in accordance with the experimen- 
tal work of Whitby-® and Maclean*® who have both shown that 
while ]meumococci vary enormously in their sensitivity to the sul- 
fonamides, the variation depends not on the type but on the indi- 
vidual strain. With the exception of Types III and V pneumococcic 
meningitis, there is little correlation, at least at present, between 
the types of pneumococci and whether sulfonamides alone or com- 
bined with serum are used. In these two types the combined sulfa- 
pyridine-serum therapy seems to be indicated. 

Etiology. Pneumococcic meningitis occurs as a secondary com- 
plication in a number of disorders, including middle-ear or mastoid 
disease, pneumonia, paranasal sinusitis, upper respiratory infections, 
endocarditis, brain abscess, pneumococcic peritonitis and pleuritis. 
It most frequently occurs secondary to an otorhinologic condition, 
34.8% of all cases, followed next in frequency by the primary in- 
volvement of the meninges, shown in Table 3 to occur in 22.3%, 

In the 184 recoveries given in Table 3 the incidence of spontaneous 
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recoveries closely follows its occurrence as a whole. Serum therapy- 
shows poor results in meningitis secondary to otorhinologic condi- 
tions, possibly due to the fact that there was inadequate treatment 
of the primary focus. This is very much offset by the use of chemo- 
therapy, where with drug alone or drug-serum therapy there is 
approximately 50% recover^-. 

Table 4. — Age Incidence in Cured Cases of Pnedmococcic Meningitis in 

Co.MPARISON TO -AVERAGE INCIDENCE. 

Siilfanil- SulfapjT- 



Inci- 

Non- 



amide 

idine 

.■\ep. 

speciBc 


Sulfanil- 

and Sulfapyr- 

and 

dence.* 

therapy. 

Senim. 

amide. 

senim. idine. 

scnim. 

Up to 1 yr. 

33 

4 

0 

0 

0 0 

3 


14.1% 

13.8% 




10.3% 

1 to 5 yrs. 

44 

6 

3 

5 

0 1 

4 


IS. 7% 

20.7% 

8.0% 

17.9% 

2.1% 

13.8% 

o to 10 yrs. 

33 

5 

5 

6 

4 8 

4 


14.1% 

17.2% 

14.3% 

21.4% 

25.0% 16.5% 

13.8% 

10 to 20 JTS. 

29 

6 

8 

8 

8 9 

9 

Over 20 yrs. 

12.3% 

20.7% 

22.9% 

28.6% 

50.0% 18. S% 

31.0% 

90 

8 

18 

7 

4 23 

7 


38.3% 

27.6% 

51.4% 

25.0% 

25.0% 47.9% 

24.2% 

Not given . 

6 

0 

1 

2 

0 7 

2 


2.5% 


00 

7.1% 

14.6% 

0.9% 

Total cases 

. 235 

29 

35 

28 

10 48 

29 


* .-Vs gii'cn by Neal.'* 


Protocol. — Cases Treated at Jefferson Hospital "With CnE.Mo-niERAPY. 


Se-V. 

Age. 

Tj-pe of 
pneumo- 
coccus. 

Source of 
infection. 

Treatment. Remarks. 

F 

50 


Primary 

Spinal taps; sulfanila- Diabetic patient with diabetes 

M 

0 

VI 

Primarj' 

midc; azosulfamidc under control; died 24 hn?. 

after admission. 

Spinal taps; sulfanila- Died 6 days after admission; 

F 

mos. 

IS 

IX 

Pneumo- 

midc spinal fluid never sterile. 

Spinal taps; azosulfa- Patient died on 8th day; pneu- 
midc; optochin *'’■ ‘ '' 

Sulfapyridine 

M 

mos. 

6 

VI 

nia 

Pneumo- 

M 

mo?. 

8 

in 

nia 

Otitis 

mission. 

Spinal taps; sulfnpyri- No siRns of mcninRitis 1 mo. 

M 

o 

XIV 

media 

Primary 

dine (orally, I.V.) after admission; relapsed in 

C wks. and died; brain ab- 
scess on autopsy. 

Specific serum; sulfa- Spinal fluid sterile on 3d day: 

M 

38 

xvni 

Primary 

pyridine (oral, sub- patient recovered, 

cut., I.V.) 

Spinal taps; specific Patient died on 4th day; spinal 

M 

21 

X 

Poll, skull 

serum; sulfapyridine fluid culture positive. 

Spinal taps; specific No sipn.s of rneninciti* 0 wks. 

F 

o 

V 

fracture 

Oiitis 

scrum; sulfapyridine after admission; rclap'^cd. 

died in 3 da 3 's. 

Siilfathiazole Patient died within 24 hrs. of 

mcKs. 

* Type not dotrrinined. 

media 

admi*=‘-ion. 


The poorer prognosis shown in pneumococcic meningitis ari.sing 
secondary to pneumonia is worth noting. It has already been 
shown’*"'* experimentally that there occurs an acquired tolera/ice of 
the pnenmoeocci to sulfapyridine. O’his has been shown clinically 
by IMay”* and by Atiger’ who with pneuinoeoeci cultured from the 
spinal fluid of a c-ase of pneumococcic meningitis showed tliat tiie 
strain of imcumoc-occus cultured from the .spinal fluid before treat- 
ment was sensitive to sulfapyridine while the same strain cultured 
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from the fluid after 29 days of intensive treatment showed itself to 
be resistant to sulfapyridine. A further possibility is that in those 
pneumonia patients in whom the organism becomes resistant to 
sulfapyridine and the disease spreads to involve the meninges the 
prognosis is poor and here combined drug-serum therapy should 
be used. 

Age. While pneumococcus meningitis occurs in all age groups, 
Talile 4 shows it to occur more frequently in children. Mo.st of the 
reco\'eries olitained with specific serum have occurred in adults, 
while the use of chemotherapy and still better sulfapyridine and 
serum combined give a better prognosis for cure in the younger age 
groups. This combination gives the best prognosis in the ages 
between 10 and 20 years in which almost one-third of the recoveries 
have occurred. 

Summary and Conclusions. 1. The clinical results obtained in the 
treatment of 160 reported cases of pneumococcic meningitis with 
chemotherapy bear out experimental results that sulfapyridine is 
the drug of choice in the treatment of this infection. 

2. At present there is no clear evidence that the additional use 
of specific serum with sulfapyridine should be a routine procedure. 
The percentage of recovery with sulfapyridine alone is approximately 
that of combined sulfapyridine-serum therapy. The combination is 
indicated in the treatment of Type III and V pneumococcic men- 
ingitis, in those infections secondary to an otorhinologic condition 
and to pneumonia, and in the younger age groups. 

3. No definite correlation could be made between the dose of the 
sulfonamide drug used, its concentrations in both blood and spinal 
fluid and the clinical response. 

4. The prognosis is favorable if the cerebrospinal fluid has been 
sterilized within 4 days with the use of sulfapyridine. 

5. Almost every type of pneumococcus has been cultured from 
cases of pneumococcic meningitis. With the exception of Types III 
and V, there is little correlation between the type of pneumococcus 
and the prognosis. 

6. The prognosis in pneumococcic meningitis secondary to pneu- 
monia is poor, possibly due to an acquired tolerance of the invading 
organism to the sulfonamide drug. 

7. The prognosis in the younger age groups is improved with the 
use of combined drug-serum therapy, with the best prognosis occur- 
ring in the ages from 10 to 20 years. 

S. In 9 cases of pneumococcic meningitis treated at Jefferson 
Hospital with chemotherapy, only 1 recovered. Two other cases, 
Types III and X, had apparently recovered but died following 
unsuccessful treatment of a relapse. The recovered case received 
combined sulfapyridine-serum therapy. 

The .author wishes to thank Dr. E. L. Bauer. Professor of Pediatrics, for his help 
in compiliiiR this report, and Dr. H. A. Reiman and Dr. B. .1. .-Vipers for permission 
to use case.s on their ward ser%-iccs. 
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blood and urine of patients with pneumococcal pneumonias have 
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An extensive bacteriologic study of pleural effusions was first 
published about 50 years ago, by Netter,« and more recently, in 
1930, by Locke'® who showed that pneumococcus I was the most 
frequent cause of empyemas. 

Studies on antibodies in pleural effusions were made by Griffon 
in 1899.'® He found that pneumococci grown in a pneumococcic 
pleural exudate might become agglutinated. Cole,® in 1917, found 
that pleural empyema fluids inhibited the protective power ^ of 
homologous antipneumococcal sera, and did not contain agglutinins 
or protective substances. More recently, in 1932, Finland'® pub- 
lished immunologic studies on 31 specimens of pleural fluid from 
19 patients with typical lobar pneumonias. He found SSS only 
in infected fluids and antibodies only in sterile fluids. 

Several other immunologic studies concerning the bactericidal 
properties of pleural exudates have been made.®"''-"’'®'""®® In these 
studies all the fluids accompanied by pleural inflammation were 
bactericidal for the organisms tested, including the pneumococcus. 

In the present series pleural exudates of patients with typical 
lobar pneumonias were examined bacteriologically and immuno- 
logically (detection of SSS, agglutinins and precipitins) and the 
findings correlated with other bacteriologic, immunologic and clini- 
cal data. 

An attempt was made to determine the pneumococcic type re- 
sponsible for an illness by identifying with pooled serums the 
specific capsular polysaccharide in the pleural exudate. 

The "optimal” concentration of antibody required for the detec- 
tion of SSS in pleural exudates was determined for some pneumo- 
coccic types. 

Material and Methods. A total of 44 specimens of pleural exudate from 
27 patients with lobar pneumonias were examined. Forty-three samples 
from 26 patients were due to pneumococci; one exudate was obtained from 
a patient suffering from a Bacilhis Friedlander A pneumonia. For controls. 
4 pleural fluids (from 4 patients) wth diseases other than pneumonia were 
.studied. Venous blood and urines were examined in some of the patients. 

DeteclioTX of Capsular Polysaccharide* in Pleural Exudates. The method 
of determining capsular polysaccharide by type-specific or Ijj'^ pooled sera, 
and the method of determining antibodies have been already described in 
previous publications® in studies with blood and urine. 

One-half milliliter of the undiluted clear supernate, obtained by centrifu- 
gation, of the pleural fluid was mixed with 0.5 ml. of the homologous rablnt 
antiserum in appropriate dilution; for controls 0.5-ml. portions of the same 
pleural fluid were mixed in a second and in a third tube with 0.5 ml. of a 
lieterologous rabbit antisenim and with 0.5 ml. of saline respectively. The 
two controls always yielded negative results. In a few cases the undiluted 
supernate of the pleural fluid contained such large amounts of SSS that no 
reaction with the type-specific antiserum was observed. Precipitates ap- 
peared, however, when the tests were repeated with 1 ;2, 1 :4, and 1 :8 dilu- 
tions of the pleural exudate. 

* The capsular polysaccharide and the serum used were those commercially avail- 
able or supplied by the Lcdcrlc Laboratories, Inc., and were used in our previous 
studios. 
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li, (lay of hospitalization (? day of disease); P, precipitate; B, button; H, horse scram; R, rabbit scram. 

• The (iRurcs given for agghitiiintion and precipitation indicate the highest final dilution of the material under investigation (blood, pleural cjnidate) where positive reactions were observed. 
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Detection of Agglutinins. One-half-milliliter quantities of serial dilutions 
carried to of the supemate of the pleural exudate, were mixed inth 
O.o ml. of the saline suspension of heat'killed homologous pneumococci 
Detection of Precipitins. One-half-milliliter quantities of serial dilutions 
carried to of the supemate of the pleural e.vudate, were mLved with 
0.5 ml. of an appropriate dilution of homologous SSS. A control tube, 
contammg 0.5 ml. of the pleural exudate with 0.5 ml. of a heterologous SSS 
solution was negative in all the experiments. The tests were alwaj's made 
m 10 hy 75 mm. Pjtcx tubes the centrifugation method‘s at 2000 r.p.m. 
for 30 minutes. Positive results varied from a cloud (“ -[- ”) to a precipita- 
tion or button formation of varjong intensity (“ ±p” to -f +B’').* 

Controls. Further controls included the following mi.xtures: 1, type- 
specific serum plus ti'^pe-specific SSS; 2, type-specific serum plus sah’ne; 3, 
heterologous serum plus its type-specific SSS; 4, heterologous SSS plus 
saline; 5, homologous SSS plus saline; 6, hererologous SSS plus .saline; 
7, tjTDe-specific serum plus bacterial suspension; and 8, saline plus bacterial 
suspension. The controls always yielded the expected results (positive 
in tubes Nos. 1, 3 and 7; negative in Nos. 2, 4, 5, 6 and 8). 


Results. TJie results of the bacteriologic and immunologic studies 
of the pleural exudates, and other clinical and laboratory observa- 
tions are recorded in Table 1. The 44 samples of pleural fluid from 

27 patients may be divided into three groups. The first group of 

28 fluids (Patients 1 to 16) includes those having no antibody but 
containing pneumococci and SSS either on the first or on subsequent 
stud3". The second group of 3 fluids (Patients 17 to 19) were nega- 
tive on culture and for antibodies but contained SSS. In the third 
group of 13 fluids (Patients 20 to 27) neither organisms nor SSS were 
detected but e.xudates from 4 of the patients contained antibodies 
on one or more occasions. In 3 of these, agglutinins only, and in 1, 
both agglutinins and precipitins were evident. A total'of 6 pleural 
fluids from 4 patients (Nos. 16, 17, 18, 19) contained SSS, though 
sterile. These results indicate that the detection of SSS in “sterile ” 
pleural effusions may reveal the pneumococcus type involved. 

Table 2 records the deaths for each of the three groups, the 
bacteremic incidence and the relationship between the presence of 
SSS in the pleural exudates and in the blood. The number of case.s 
are too few to permit statistically valid conclusion_s. 'llic mortality 
rate of the group is 29.7% (S deaths among the 27 patients). Ihis 
table also indicates the desirability of performing various tests on 
body fluids, because SSS may be found in the blood when no organ- 
isms can be detected (2 patients of the first group). 

Table 3 confirms this observation and shows the relationship 
between the determination of SSS in pleural e.xudate, urine, and 


blood. 


scattered with 


The type distribution was found to be fairly 
pneumococcus Type I the most frequent (o cases). 

Of the 27 patients, 5 were treated with scrum only and 1 died, 

• In sub!=cqucnt c.Tporimcnts pcrformwl by Sonin I.cvino in tbL" Iriborntorj . >>’ 
two pleural fluids containing: viable orpanL^ms and soluble carlxdiydrate the lU ton 
obtaini-d on nddinc .‘^orura to plcnral fluid containtn! ncclutinatcd orc.-ini-'ni'*. 
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10 received sulfapj^ridine only and 3 died, and 12 received both 
serum and sulfapyridine, 4 of whom died. In the 4 cases where 
antibodies developed, 1 case (No. 27) died and in this case only 
agglutinins were found. The other 3 patients recovered, m 2 only 
agglutinins were present, and in the third both agglutinins and 
precipitins. 

Table 2.— RsiyATiONSHiP Between Presence of Organism and SSS in Blood 
AND Pleural Exudate and Outcome of Disease. 


Culture of 

SSS in 


Deaths. 

pleural exudate. 

pleural exudate. 

Cases. 

Positive 

Positive 

16 

5 



7* 

3* 



2t 

2t 

Negative 

Positive 

3 

2-1= 

1 

0* 

Negative 

Negative 

S 

2 



1* 

1* 



n 

ot 

Total 


27 

8 (29.7%) 



10* 

4=? 



2t 

2t 



It 

Ot 


* Positive blood culture without SSS. 
t Positive SSS in blood without bacteremia, 
i Positive blood culture and positive SSS in blood. 


Table 3.— Relationship Betiveen Determination of SSS in Pleural Exudate, 

Urine and Blood. 

SSS in pleural exudate. 

Positive. Negative. Total 

Total 7 2 9 

Positiv'o SSS in urine \ o n q 

Negative SSS in blood | 

Positive SSS in urine 1 i i o 

Positive SSS in blood / 


Total cases 
Positive SSS in urine 
Total cases 
Positive SSS in blood 


4 1 5 

1 1 2 


Pooled serum of Groups A to F, as used for the type identification 
of pneumococcal SSS in urine,® was successfully emplo.yed to deter- 
mine the pneumococcus type involved in four experiments on pneu- 
mococcal jileural exudates. Four sterile pleural fluids obtained 
from tuberculous patients and used as controls did not contain 
detectable SSS when tested with the six different pooled sera. 

The optimal concentrations of antibody (in mouse protective 
units) required for the detection of SSS in pleural exudates are appar- 
ently identical with those employed for the detection of SSS in 
urine, broth and plasma. Inhibition zones observed with other 
media occurred also with pleural exudates. 
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Two experiments were performed with SSS added to pleural 
exudates which contained no capsular polysaccharide. The SSS of 
pneumococcus Types I and III were detected in dilutions up to 
1 : 800,000. The pH of the pleural fluids employed for these studies 
ranged between 7 and 7.5 (determined witli "Nitrazine Paper,” 
Squibb). These values are similar to those observed in ex-perimen- 
tally produced pleural effusions of dogs and rabbits (Kelley, Scadron 
and Shinners^^). 

Summary. 1. Forty-four specimens of pleural exudate from 
27 patients suffering from lobar pneumonia were examined bacterio- 
logicallj’- and immunologicalljL 

2. Twenty-four pleural exudates from 16 patients were positive 
on culture, and contained detectable capsular polysaccharide, but 
no antibody. Capsular polysaccharide was found in 6 sterile pleural 
fluids from 4 patients. On one occasion the pleural culture was 
positii’e. Fourteen fluids from 9 patients were negative on culture, 
and contained no SSS; in 8 of these fluids (from 4 patients) anti- 
bodies could be detected. 

3. Eight of the 27 patients died (29.7%). Capsular polysac- 
charide was detectable in the pleural exudates of 6. 

4. Thoracotomy after thoracentesis was performed in 11 cases 
(3 deaths) while thoracenteses alone were employed for the remain- 
ing 16 patients (5 deaths). More recoveries occurred in thoracoto- 
mized patients who had had bacteremia than in those given repeated 
thoracenteses. 

5. In 9 patients where blood, pleural exudate, and urine were 
studied for capsular, potysaccharide it was detected in 7 pleural 
exudates, in 5 urines after concentration, and in the 2 bloods. 

6. Pooled serum was satisfactorily used for the detection of SSS 
in pleural exudates. 

7. For the detection of capsular polysaccharide in pleural exudates 
the optimal concentrations of antibody are essentially the same as 
those used for capsular polysaccharide detection in urine, broth and 
plasma. 


Miss Constance Lcbair assisted in the statistical analysis and in the preparation of 
the paper. 

REFERENCES. 

(1.) Blake, F. G.: Arch. Int. Med., 21, 779, 1918. (2.) Bukant*, S. C., and 

de Gara, P. F. : J. Immunol., 39, 195, 1940. (3.) Bukantz, S. C., Bullowa, J. G. M., 

and de Gara, P. F. : Proe. Soc. Exp. Biol, and Med., 41, 250, 1939. (4.) Bnllowa, 
J. G. M., Bukantz, S. C., and de Gara, P. F.: Ann. Int. Med., 14. 13-lS, 1941. (6.) 

Cole, R.: J. Exp. Med., 26. 453, 1917. (6.) de Gara, P. F.; (a) Kim. U clinscbr., 7. 
2386, 1928: (6) Science, 90, 378, 1939. (7.) de Gara, P. F., and ^anU, O. Kim. 

Wchnschr., 12,822, 1933. (8.) de Gara, P. F., Bukantz, S. C., and Bnllowa, J. G.M.: 

J. Immunol., 37. 305. 1939. (9.) Dochez, A. R., and Avery, O. T.: (a) Proc. -or 

Exp. Biol, and Med., 14, 120. 1917; (5) J. E.xp. Med.. 26, 477, 1917. (10.) Finland, 

M.; Ibid., 65. 169. 1932. (11.) Frantz, O. B.: Arch. f. IlyK.. 110. 143, 1933. m.) 

Gay, F. P., and Clark, A. R.: Arch. Path, and Lab. Med.. 1. 8-17. 1920. (135 Grif- 

fon, V.: Rev. mfd. Paris. 19. 9SI, 1899. (14.) KeUey, W. H., Scadron, E. N., and 
Shinners, B. M.: .1. Exp, Med., 67, 659, 10.38. (16.) Locke, E. A.: New EnRlnnd J. 



TREATJIENT OF THE RAGWEED HAY FE.VER PATIENT 383 


Med., 203, 391, 1930. (16.) Netter, A.: Bull, et mum. boc. mud. d. hop. do 1 nns, 
6 13, 1889; 7, 441, 1890. (17.) Nuttal, G.: Ztschv. f. Hyg. u. Infektionskr., 4, 353, 

1888. (18.) Prudden, T. M.; Med. Res., 37, 85, 1890. (19.) Skursky, J.: Wien. 
Win. Wchnschr., 40, 42, 1929. (20.) Stern, E.: Ztachr. f. Win. Med., 18, 46, 1891. 
(21.) Weil, E.: Arch. f. Hyg., 74, 289, 1911. (22.) Zagni, L.: Bull. sei. m5d., 102. 
09, 1930. 


A METHOD OF DETERMINING THE PROBABILITY OF CONSTI- 
TUTIONAL REACTIONS DURING TREATMENT OF THE 
RAGWEED HAY FEVER PATIENT.* 

By William B. Sherman, M.D., 

and 

Selian Hebald, M.D., 

CLINICAL ASSISTANTS, DEPARTMENT OP ALLERGY, THE ROOSEVELT HOSPITAL, 

NEW YORK, H. Y. 

(From the Department of Allergy, The Roosevelt Hospital.) 

The occurrence of general or constitutional reactions after injec- 
tions of pollen extract is one of the chief difficulties in the treatment 
of hay fever. Some of these reactions may be attributed to errors 
in technique or in judgment of dosage, but even the most experienced 
cannot avoid them entirely. Different patients suffering from the 
same type of hay fever vary so greatly in their response to treat- 
ment that the schedule of doses which is best for one may be entirely 
inapplicable to another. 

(iooke^d has devised a method of grading the degree of sensitivity 
of hay fever patients in three classes on the basis of tlie reaction to 
intracutaneous tests with pollen extract of various strengths, and 
has planned dosage schedules for each class. This system proved 
lielpful in avoiding reactions from the first few injections of the 
series, but, as was recognized by its originator and will be shown 
subsequently, was unreliable in predicting the further course of 
treatment in any particular patient. 

The present paper describes the use in skin tests of an antigen 
derived from ragweed pollen, which gives, much better than the 
regular pollen extract, an index of the ability of the rag^veed hay 
fever patient to develop tolerance for injection of increasing doses of 
ragweed pollen extract, and of the probability of constitutional 
reactions to injections. 

(Chemical studies have shown that there are two main distinct 
antigenic fractions in ragweed pollen extract which are separated 
by fractional precipitation with ammonium sulphate at pH 4." 
Practically all ^ag^veed hay fever patients tested were sensiti^m to 
bTactiou 1, some were equally sensitive to Fraction 2, while others 
gave little or no reaction to tests with this fraction in the dilutions 
ordinarily used for intracutaneous tests. When treated with regu- 

* Presented before the meeting of The Society for the Studv of Asthma and Allied 
Conditions, Atlantic City, N. J., May 3, 1941. 
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lar extract, which contains both fractions, almost all patients soon 
developed a blocking antibody*-® which inactivated Fraction 1, but 
only 1 in 13 developed antibody which inactivated Fraction 2.® 

It seemed that if the blocking antibody had any real importance 
in the body, the patients who were sensitive only to Fraction 1 and 
developed antibody which inactivated it should do better under 
treatment than those who were sensitive to both fractions but 
developed blocking antibody inactivating only one. When a group 
of 13 cases was examined from this standpoint, there was no definite 
difference in the clinical protection against hay fever, but there 
was a striking difference in their tolerance for large doses of pollen 
extract. The patients reacting only to Fraction 1, in the dilution 
tested, took doses of 1500 to 10,000 protein nitrogen units (average 
5300) without constitutional reactions; those sensitive to both frac- 
tions, who developed blocking antibodj" only for Fraction 1, reached 
doses of only 700 to 2000 (average 1365), but 4 of 6 had one or more 
constitutional reactions. On the other hand, the one case who was 
sensitive to both fractions and had blocking antibody for both took 
doses up to 7500 without any reaction.® 

These results suggested that the blocking antibody was a factor 
in the development of tolerance for antigen injections and that, 
indirectly, sensitivity to Fraction 2 led to a higher incidence of 
constitutional reactions. Therefore skin tests with the two sepa- 
rate fractions might give an indication of cases which were particu- 
larly apt to have untoward reactions. 

Two hundred and twenty-one ragweed hay fe^'er patients were 
tested intracutaneously with suitable dilutions (containing 1, 10 
and 100 protein nitrogen* units per cc.) of the two ragrveed fractions 
prepared according to the method of Stull, Sherman and Hampton.* 
hlany of these were tested because tlic.^-- had histories of repeated 
constitutional reactions, but others had taken large doses well, and 
still others were tested with the fractions before treatment was 
started, but have since received injections through one season. 
IWien the figures for all eases tested were summarized, it was found 
that about one-half of the patients in the whole group had one or 
more general reactions. Needless to say, this was considerably 
higher than the incidence in the clinic as a whole, due to the inclu- 
sion of so many “problem cases.” 

Table 1.— REAcrn-iTY or Racveed-sexsitive Patients to Fbactions 1 and 2 
IN Relation to Incidence of Constitutional Reactions, 


Perccnfflpr“ of 
Casos liavinK havinir 

Intracutancous Total cortstitutional constitutional 

coFcfi, reaction.*!. rcartion*. 

FI > F2 93 13 H 

FI = F2 lOS SI 75 

F2 > Fl 20 19 


Table 1 shows the incidence of constitutional reactions in eases 
classified on the basis of the relative size of the skin reactions to the 
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two fractions. Ninety-three patients gave larger skin reactions to 
Fraction 1 than to Fraction 2. Of these, 13 patients (14%) had 
one or more constitutional reactions during treatment.^ Many of 
these were minor reactions which did not require administration of 
epinephrine or other drugs. However, since it is inapossible to 
grade the severity of reactions accurately, all cases with any un- 
toward symptoms attributable to the injections were grouped 
together, regardless of the severity or frequency of the reactions. 

One hundred and eight patients had skin reactions of equal size 
to the two fractions. Of these, 81 (75%) had constitutional reac- 
tions. There were only 20 patients who showed larger skin reac- 
tions to Fraction 2 than to Fraction 1, but of these 16 (80%) had 
general reactions. Since the incidence of general reactions in the 
last two groups was more than five times that in the first group, it 
was apparent that these skin tests gave an index of the probability 
of a constitutional reaction. 

Howe^'er, both the theory outlined, and common sense, suggested 
that the actual degree of reaction to Fraction 2 was more important 
than the relative size of reactions to the two fractions. To compare 
the value of skin tests with Fraction 2 and those with regular rag- 
weed extract as a basis for predicting constitutional reactions, we 
classified a group of 95 patients. A, B, and C, by the method of 
Cooke, ^ according as it required dilutions containing 10, 100 or 
1000 protein nitrogen units per cc. of the regular rag^veed extract 
to produce a marked} intracutaneous reaction with pseudopods. The 
same patients were then reclassified on a similar scale, using (for the 
te.sts) solutions of Fraction 2 containing the same amounts of pro- 
tein nitrogen. 


T.^ble 2.— Incidence of Constitutional Reactions in Ragweed-sensitive 
Patients Classified by Skin Reaction to Whole Ragweed 
Extract and to Fraction 2. 


Class. 


Percentage of 
Cases having cases having 
Total constitutional constitutional 

cases. reactions. reactions. 


Classified by Test With Whole Extract. 


A 15 S 53 

B 41 25 01 

C 39 17 44 


Classified by Test TFR/i Fraction 2. 


A 9 S 

B 25 21 

C 61 21 


89 

84 

34 


Table 2 shows the relative incidence of constitutional reactions 
in the three classes when the classification was based on tests with 
regular extract and when it was based on tests with Fraction 2. It 
was ajiparcnt that the reaction to regular extract was no criterion 
of the probability of general reactions. The moderately sensitive 
class (B) had a higher incidence of reactions than the exquisitely 
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sensitive class (A) and that of the least sensitive class (C) was only 
slightly lower. Reclassification on the basis of the reaction to 
Fraction 2 gave more information, Classes A and B having an inci- 
dence of reactions 2 ^ times that of Class C. One weakness of this 
method of dividing the classes was that almost two-thirds of all the 
cases tested fell into Class C. 

Table 3.— Skin Reaction to Fraction 2 (100 Units per Cc.) in Relation 
TO Incidence of Constitutional Reactions. 


_ Percentage of 

^ , Cases having cases having 

Intracutaneous Total constitutional constitutional 

cases. reactions. reactions. 

Slight-negative 79 10 13 

Moderate 64 34 53 

Marked 71 62 87 


Table 3 illustrates a classification which is fundamental^'’ the 
same, but in which the groups are more nearly equal in size. Here 
214 cases, including some not included in Table 2, are classified on 
the basis of the degree of reaction to test with a solution of Frac- 
tion 2 containing 100 protein nitrogen units per cc. Seventy-nine 
patients gave a negative or slight reaction; of these 10 (13%) had 
constitutional reactions. Sixty-four patients gave a moderate reac- 
tion, without pseudopods; of these, 34 (53%) had general reactions 
during treatment. Of the 71 persons who gave a marked skin reac- 
tion, 62 (87%) had constitutional reactions. In other words, the 
group most sensitii^e to Fraction 2 had 7 times as high an incidence 
of constitutional reactions as the least sensitive, while the group 
with moderate reactions was midway between. Wliile these figures 
tell the story fairly well, they do not reveal one important aspect. 
Many of the patients in the less sensitive group who were listed as 
having constitutional reactions had one or two reactions, often fol- 
lowing what in retrospect seemed an unwise increase in dosage, but 
subsequently went on and tolerated much larger amounts. On the 
other hand, practical!}' all of the patients who reached a low “ceil- 
ing” dosage, above which they could never be raised without 
inducing a constitutional reaction, fell into the group most sensitive 
to Fraction 2. 

Similar information was obtained when the reaction to the two 
fractions was tested by the method of passive transfer. In perform- 
ing these tests, sites were made on the skin of the back of a non- 
allergic healthy test subject by injecting intracutaneously into e.acli 
site 0.1 cc. of a 1 to 10 dilution of the patient’s serum. These sites 
were tested 48 hours later with 0.025 cc. of solutions of tlie rcsiicc- 
tive fractions, containing 1 protein nitrogen unit per cc. In a scric.s 
of 89 cases (Table 4), the group whose sera sensitized normal .skin 
to Fraction 2 gave an incidence of constitutional rcaction.s almost 
3 times that of the group wliosc .sera <lid not react witli this fraction 
in the dilution used. However, results obtained by this rnetliorl 
gave no information not obtainalilc by direct skin test. 
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Table 4.— Passive Transfer Reaction op Sera (1 to 10) to Fraction 2 (1 Unit 
PER Cc.) IN Relation to Incidence of Constitutional Reactions. 


Passive transfer 
reaction. 

0 . . 


5 ^= . . . 

4" or 4* '4“ 4" 


'J’otal 

Cases liaving 
constitutional 

Rercentage of 
cases having 
constitutional 

cases. 

reactions. 

reactions. 

34 

11 

32 

9 

6 

56 

20 

17 

85 

26 

22 

85 


No matter how the cases were classified, there were always a 
moderate number of exceptions. This could have been predicted 
from the serologic studies which showed that some patients (about 
10%) do develop a blocking antibody for Fraction 2 in the early 
stages of treatment, while a few others develop blocking antibody 
for Fraction 1 either very slowly or not at all. No attempt was 
made to determine the blocking antibodies in the sera of most cases. 
However, serum was taken after treatment from 6 patients who 
were definitely sensitive to Fraction 2 but had taken large doses of 
extract without untoward reactions. Four of the 6 sera inactivated 
Fraction 2, showing that their exceptional behavior was due to the 
type of antibody present. • Because of the technical limitations of 
the method used,® it was not possible to exclude the presence of 
small amounts of blocking antibody for Fraction 2 in the other two 
sera. On the whole, the results strongly suggested that the two 
fractions were specific antigens and that the blocking antibody was 
an important factor in acquired tolerance for injections of antigen. 

More important, however, was the fact that intracutaneous tests 
with Fraction 2 seemed to offer a valuable criterion for judging 
the probability of constitutional reactions. The best basis for 
planning the range of doses of pollen extract for a ragweed hay fever 
patient is afforded by skin tests with whole extract and each fraction 
in dilution of 1, 10 and TOO protein nitrogen units per cc. The tests 
with the whole extract (and Fraction 1) give an indication, as shown 
by Cooke, of the safe initial dosage, while the tests with Fraction 2 
indicate the probability of developing tolerance for increasing doses. 

Many of the patients who gave strong reactions to Fraction 2 
and were unable to take large doses of pollen extract, had excellent 
clinical results when treated with small doses of the regular extract. 
In some cases, where it was impossible to give enough of the regular 
extract to protect the patient from hay fever, treatment has been 
carried out with a solution of Fraction 1 alone. In a few cases, 
solutions of the two fractions have been injected separately, the 
dosage of each being increased according to the amount of local 
reaction to it. Although a few general reactions occurred, these 
trials suggested that many of these patients tolerate Fraction 1 
better than the whole extract. However, the nuinber of cases thus 
treated so far has not been large enough for final conclusions as to 
the degree of clinical protection. 
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Summary. Ragweed hay fever patients who are very sensitive 
to Fraction 2 of the pollen extract are less apt to develop tolerance 
for large doses of pollen extract than those wdio are only slightly 
sensitive to this fraction. 

Intracutaneous tests with Fraction 2 help determine in advance 
Avhich cases are more apt to have constitutional reactions and should 
be treated with special caution. 
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STUDIES OF THE B VITAMINS IN THE HUMAN SUBJECT. 
IV. Mental Changes in Experimental Deficiency. 

By Harriet E. O’Shea, Ph.D., 
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CHOLOGY, PURDUE UNIVERSITY, I..\FA1*ETTE, IND., 

AND 

Iv. O’Shea Elsom, M.D., 

ASSOCIATE IN MEDICINE, UNIVERSITY OF PENNSY’LVANIA ilEDICAL SCHOOL; RESEARCH 
FELLOW, PHILADELPHL^. GENERAL HOSPITAL, PHILADELPHL\, PA., 

AVith the technical assistance of 
Ruth A*. Higbe, jM.A., 

GRADUATE STUDENT IN' PSYCHOLOGV, UNTVERSITi' OF PEN'N-SYLVAN-IA, 
PHIL.YDELPHIA, PA. 

(From the Thompson Vitamin Clinic of the Philadelphia General Hospital, Phila- 
delphia, Pa., and the Di%-ision of Education and Applied Psj-chologj-, 

Purdue University, Lafayette, Ind.) 

In the course of a series of experimental studies of a deficiency 
of the B vitamins in man®-®-*^ we have observed that the deficient 
person seems confused and apparently is less able to reason and to 
exliibit good judgment than under normal conditions. Experiments 
in the have shown impaired ability to 

learn a maze during deficiency of the B vitamins, but in no instance 
have accurate psychological measurements of mental changes in sucli 
a deficiency been attempted.in the adult human being. Accordingly 
the present investigation* was undertaken to measure objectively 
the psychological status of the adult human subject taking an experi- 
mental diet deficient in tlie B vitamins and to denionstrate any 
changes which might occur following therapy with thiamine, 
brewer’s yeast or the s\’nthetic fractions of the B complex. 

* Wc arc indebted to Dr. Miles Murphy of the Psychologic.-il Clinic of the Um- 
versity of Pennsylvania for his cooperation. 
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Methods of Study. Psychological tests, grouped together as described 
below, were administered to 4 voluntary subjects taking an experimental 
diet and to 4 normal controls who consumed an adequate diet. The sub- 
jects, middle-aged women without complicating disease, were maintained 
under constant environmental conditions in the Thompson Vitamin Ward 
of the Philadelphia General Hospital. Each subject consumed a constant 
daily quantity of an experimental diet as described elsewhere,^ which sup- 
plied an adequate quantity of all dietary factors* except the B vitamins. 
These Avere present in approximately one-half the theoretically required 
amount! for 3 of the subjects (D. C., E. V., R. A.) and were just short of 
tlie required amount for 1 subject (I. C.). The controls, AAmmen similar 
to the subjects in age, general'intelligence and socio-economic level, rvere 
all trusted employees of the hospital. During this study they continued 
their usual activities and consumed without change the same adequate 
hospital diet to rvhich they had been accustomed for many years. 

The study rvas divided into three experimental periods; Period I, when 
the subjects received the experimental diet alone, during which time all 
developed the characteristic clinical manifestations of deficiency as de- 
scribed elsewhere;^ Period II, rvhen thiamine! was added to the diet and 
all improved, and finally. Period III, rvhen the B complex was adminis- 
tered either as brewer’s yeast§ or the synthetic B complex** and further 
clinical improvement occurred. Psychological tests were administered to 
the subjects at the end of each experimental period and to the controls at 
similar times. 

PsvcHOLQGiGAii PROCEDURES. Psychological tests were selected which 
would measure as reliably as possible those functions which appear to be im- 
]iaired in human beings and rats suffering from a deficiency of the B vitamins, 
Tlie mental functions studied and the psychological tests employed are shown 
in Table 1. Details of the testing material used are given below. With 
the exception of a newly deiused test of prose memorj’- and a new arrange- 
ment of the Healy-Bronner Picture Memory Test, both of Avhich are now 
being standardized, all are accepted psychological tests, the limits of error 
of which have been carefully worked out. Alternative forms of each test, 
equal in difficulty, permitted repeated testing of the same mental functions 
without the observations being influenced by practice effects. The differ- 
ent forms of each test Avere rotated so that no one form Avas used for all 
subjects in any experimental period. 

Each subject and each control AA'ere subjected to four different psycho- 
logical Test Series; both Test Series A and B, giA'^en 24 hours apart, Avere 
adininistei’ed at the end of Period I (Deficiency), Test Series C at the end 
of Period II (Tliiamine) and Test Series D at the end of Period III (B com- 
jile.v). Each series consisted of from five to eight different psychological 
testsft and, AAuth the_ exception of Test Series A, each consisted of a 2-day 
schedule, on consecutme da3"s as on page 390. 

* Cod-li\’cr oil concentrate capsules, used as supplement to the diet, were kindlj' 
supplied by the AVhite Laboratories, Inc., Newark, N. J., and the ascorbic acid Avas 
supplied by E. R. Squibb &: Sons, Now York City. 

t The theoretical requirement for thiamine was calculated for each subject accord- 
ing to the CoAvgill formula.^ The thiamine content of the diet Avas calculated from 
the Cowgill tables and these values corroborated by chemical analysis on several 
occasions.’ It Avas assumed that other B Autamins were present in analogous Quan- 
tities. 

t The thiamine used in the studies Avas generously supplied as “Betabion" bv 
Merck & Co.. Rahway, N. J. 

.. J to Burroughs Wellcome & Co., New York Citv, for supplies of 

Tabloid ye.ast concentrate. 
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Table 1.— Special Functions Studied and Psychological Tests Ejiploved 
Mental functions* studied. Psychological test employed. 

Speed of hand muscle coordination . . Whipple Healy Tapping Test 

Intelligence Henmon-Nelson Test of Mental Ability, 

High School Examination Forms A, B 
and C (for a preliminarj- test, Otis 
Quick Scoring Mental Ability Test, 
. Beta, Forms A and B) 

Reasoning ability (reading) ... Thorndike-McCall Reading Scale, Forms 

1, 2, 3, 4, and 6 

Foresight and judgment Porteus Maze Test, up and inverted 

Prose memory Newly devised test (results to be reported 

later) 

visual and auditory memory .... Healy-Bronner Picture Memory Test (re- 
sults to be reported later) 

Test Series A. 

1. Whipple-Heal}* Tapping Test (3 repetitions).! 

2. Otis Quick Scoring Mental Abilitj* Test.! 

3. Porteus Maze Test. 

Test Series B, C arid D. 

First Day. 

1. Henmon-Nelson Test of Mental Ability. 

2. ■\^^lipple-Healy Tapping Test. 

3. Prose Memory Test. 

4. Picture Memory Test— A and B. 

Second Day. 

1. Porteus Maze Test. 

2. Prose recall. 

3. Picture recall. 

4. Tbomdike-McCall Reading Scale. 

Explanation of Pstchological Tests. 1. Porteus Maze TestP Tliis 
test presents the subject with 10 increasing^ difficult mazes in which he is 
to trace the correct path with a pencil (Fig. 1). The mazes measure aspects 
of foresight and judgment since the abilit 3 * to solve such a problem is deter- 
mined by the subject’s capacity to look ahead and to weigh different factors 
which lead to a decision invohdng action. The subject’s score is in tenns 
of the number hnd difficulty* of the mazes with which he succeeds. 

In order to have an alternative series of tests equal in difficulty, the 
mazes were used inverted as well as in the standard position, Tliis arrange- 
ment was suggested by Dr. Porteus on the basis of data in his possession. 

A “point score” rather than the usual “age score” was employed, again 
at Dr. Porteus’ suggestion. The mazes so used are apparently* of equal 
difficulty, the average score for all our subjects and controls with the maze 
in the upright position being 68.6 and with the maze in the inverted posi- 
tion, 69.3 (not a significant difference). In computing results, comp3ri.«on 
was made only between tests in which the mazes were presented in the 
same position. 

* The statement of mental functions given here is for the purpose of clarifying 
the experiment for readers who are not psychologists; it is not intended to be a 
technical delimitation of mental “factors,” “primary mental abilities” or the lity. 

t Some improvement in performance on this test w obtained through initial 
e.xpericncc. For this rea.son it was given three times here to allow for initial ini- 
provemont. , 

i Published by World Book Company, Vonkers-on-Iludson, New I ork City, W.l/ . 
Forms Beta A and B were used. This test was used as a jneliminary e.tploration of 
the intelligence of the subject.s and controls; the results were not u.“C<l further in the 
study. 
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2. Hemion-Nelson Test of Mental Ability* This is a standardized intelli- 
gence test measuring general competency of thmkmg. Forms A, B and C, 
High School Examination, were utilized in this study. The_ subject’s task 
is to follow out a variety of different directions. The original score is in 
points which may be translated either into terms of mental age or rate of 
mental growth (Intelligence Quotient). 

3. The Thomdike-McCall Reading Scale.] Forms 1, 2, 3, 4 and 5. This 
test consists of a series of paragraphs of increasing difficulty which must 
be read by the subject and to each of which is attached a series of standard- 
ized questions on the content of the paragi’aph. The test measures the 
ability to read comprehendingly and may therefore be regarded as funda- 
mentally a measure of the reasoning process. 

The subject’s score is in terms of the number of questions correctly 
answered. A translation table allows the score also to be read in terms of 
the elementary or high school grade reading score, in terms of reading age 
or in terms of a standard score called “T” score. 

4. Whipple-Healy Tapping Test.* This test presents the subject with a 
page of J-inch squares, 10 in a row and 15 in a column. The subject’s task 
is to place a dot with a pencil in each square across one row. and back on 
the next, and so on, without touching any lines, making as many taps as 
possible in 30 seconds. Two trials are given at each testing period and the 
average of the two trials is the score used. The score is the number of taps 
made minus twice the numljer of errors. _ The speed of tapping is a highly 
stable phenomenon and is only temporarily subject to practice effects.^® 

5. Test of Memorization of Short Prose Passages. We have devised six 
alternative prose passages used as a test of memorization. Data from 
comparable age, socio-economic and intelligence groups necessary for 
standardization of these tests is now being accumulated and results will be 
reported later. 

6. Healy-Bronner Picture Memory Test.^ In this test the subject views 
a picture while the experimenter reads to him certain relevant material. 
His task is to repeat as much as possible of the content of what was read 
while still looking at the picture. This procedure constitutes a measure of 
combined visual and auditorj’^ memory. Further data are required to 
standardize the test in this form and results will be reported later. 

Statistical Pbocedures. Because the number of subjects was neces- 
darily limited it was essential to employ extensively the statistics of small 
samples’® ill order to arrive at a satisfactorj’- interpretation of the results. 
The statistical procedures utilized will be given brieflj’’ in the present report, 
and a more detailed description both of the statistical handling of the data 
and of the procedures followed in the gmng and scoring of the tests, will 
be published elsewhere. 

Clinical St.atos of the Subjects. All subjects showed definite clinical 
evidence of deficjencj’- when Test Series A and B were administered; had 
imiiroved, following therapy with thiamine, when Test Series C was given, 
and remained improved, following therapy with brewer’s yeast or with the 
synthetic B complex, when Test Series D was given (Table 2). The degree 
of deficiency, as judged by the number and severity of the clinical mani- 
festations, varied from mild to moderatelj’- severe, depending on the amount 
of thiamine and other B vitamins which each subject received in her diet 
and on the time during which the deficient diet was consumed. Thiamine 
was administered in varied dosage to the different subjects so that the 
length of time required to relieve manifestations of deficiency differed, and, 
therefore, the inten-als between the different psychological Test Series varied 

* Pnt)lishctl by tbo HouRbton MilPin Company, New York City, 1935. 
t Published by the Biirc.au of Public.ations, Teachers College, Columbia Univer- 
sit.v. New York City. 1931. 
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for the different subjects. Therapeutic effect from brewer’s j^east and 
from the synthetic B complex appeared to be comparable for the relatively 
short period during which these obsen>-ations were made.* However 
certain differences between the two have been noted when clinical obsen'a- 
tion is prolonged beyond the limits of this study, f 


Table 2.— Clinical Manifestations in the 4 Expebuiental Subjects Dueing 
Deficiency (Period I); After the Administration of Thiamine 
(Period II); and of the B Complex (Period III). 


Subject. 

ej 

tc 

Daily intake of thiamine. 

Average daily excretion of thia- 
mine during Period I,* jUg. 

Clinical Manifestations. 

Period X. 
(De6cienc>'.) 

Period If. 
(Thiamine added.) 

Period IJI. 

(Brewer's yeast or synthetic 

B complex added.t) 

D.C. 

65 

205 

33 

(Apteh 7 DaT6>7 

Easilj’ fatigued; anorexia; mal- 
nutrition; smooth red tongue; 
patellar reflex h>T)oactive; 
sense of vibration lost and 
muscle tenderness present in 
legs. 

(After 4 Days) 
Strength and appetite improv- 
ed; incr. of 2 pounds in bod} 
weight; tongue unchanged; 
patellar reflex more active; 
xibration perceived over mal- 
leoli; muscle tenderness deer.; 
el. edema. 

(After 31 Days) 
Strength and appetite normal; 

’• further incr. of 7 pounds in 
body weight; tongue less red: 
patellar reflexes normal; ri- 
bration perceived imperfectly 
in both legs; no edema. 

E. V. 

48 

j 

204 

1 

21 

i 

(After 62 Days) 
Anorexia; epigastric discom- 
fort; palpitation; neuritic 
pains in face; red tongue; bI. 
muscle tenderness; activity 
reduced. 

i 

(Afteb jo Dats) 
Anorexia diminished; epigas- 
tric discomfort unchanged; 
no palpitation; no neuritic 

1 pains; red tongue; muscle 
tenderness deer.; activity 
incr. 

(After JO Days) 
Appetite normal; epigastric dis- 
comfort improved: incr. of 

2 pounds in body weight; 
tongue normal; muscle ten- 
derness deer.; activity nor- 
mal. 

R.A. 

43 

i 

353 

35 

(AnxR 74 Dats) 

Easily fatigued; anorexia, 
marked epigastric discomfort 
and nausea; nen*ousness, irri- 
tability, apprehension; red 
tongue; marked muscle ten- 
derness; mod. edema. 

(After 8 Days) 

Strength and appetite impr,; 
no other change. 

(After 15 Days) 

Strength normal; si. anorexia 
and epigastric discomfort; no 
nausea; no nervous manifest,; 
tongue normal; no edema or 
muscle tenderness. 

I. C. 

C3 

574 

42 

(After 98 Davs) 

Marked weakness, anorexia 
and epigastric discomfort; 
occ. vomiting; shifting abd. 
pain; dysp. on exertion and 
palpitation; abd. pain; par- 
esthesias and pain in legs; 
sense of vibration impaired; 
marked muscle tenderness; 
si. edema. 

(After 38 Days) 

Strength mod.; appetite fair; 
epigastric discomfort mod.; 
no abd. pain or \omiting; no 
cardiac sjTnptoms; no pains 
or partstbesias; sense of ri- 
bration normal; mod. muscle 
tenderness; edema incr.; drj’ 
skin. 

(After II Day.s) 

Strength unchanged; appetite 
normal; si. epigastric di-cen:- 
fort; parcsthcsia.‘i again mark- 
ed; vibration normal; mu'cle 
lcndernc>M incr.; cdf'ma re- 
duced; skin impr. 


• Twenty-four-hour urinary’ excretion of thiaimnc was detmnined daily according to a modification of the thiochrocc 

method as described elsewhere.® _ , , - , 

f Subjects D. C. and E. V. received synthetic B coropfei: Eubjccta R. A. and I. C.. brewer s yeast, 

* This subject was deficient on admission at which time Teat Scries A was given. She was immediately placed upon tt.' 
erperimentai diet which was continued lliroughout observation. 

Figures in p.arrnthcsc 3 indicate the duration of each experimental period prior to obtaining llie cliniral maniicstaiio.. 
reco.-ded. at which times the difliTcnt pey'cbological Test Series were gixTn. 

Eraluation of deficiency at end of Period I: D. C., mild; E. V.. mild: R. A., moderately .-mTc; 1. 1.. mo.l-.'ate.y revere. 


* The torn) ‘‘B comple.x” will be used in the te.xf to denote either hrewerV yeaU 
or the synthetic B comple.t. 
t Unpublished ohservattons. 
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Results. 1. Foresight and Judgment as Measured hy the Mazes. 
The subjects succeeded less well in solving the mazes (Fig. 1) when 
deficient than after they had received thiamine or the B complex. 
The mean scores for the group (Table 3) when deficient were 40 
and 54.5 (Test Series A and B), as compared with 78.87 and 81.75 
following administration of thiamine or of the B complex respectively 
(Test Series C and D). When deficient the subjects’ ability to 
solve the mazes was inferior to that of the controls, but following 
therapy with either thiamine or the B complex their performance 
was equal to or better than that of the controls (Table 4). The 
difference between deficiency and recovery in each subject and the 
dift’crence in the average for all subjects in deficiency and recovery 



Fig 1.— a maze of moderate difficulty occupying eighth place in the series of 10. 
For a successful solution, the subject ha\dng placed his pencil at “S” must draw a 
continuous lino from this point to the exit without erossing any linos, and without 
retracing his path at any point. (Reproduced by courtesy of Dr. S. D. Portous, 
Univ. of Honolulu). 

were statistically significant (Table 3). Between the subjects when 
deficient and the controls at the same period the difference was 
close to statistical significance (Table 4), suggesting that with a 
larger number of cases the statistical significance would be estab- 
lished. Furthermore, a definite relationship existed between the 
degree of deficiency and the degree of impairment of maze per- 
formance.* The performance of the controls, on the other hand, 
■slioAvcd no statistically significant variation throughout observation. 

* The statisticul correlation between degree of deficiency and actual raw score on 
the inazc.s was determined in various waj-s. and the results suggest that the indi- 
vidual s initial score on the mazes could be fairly well foretold on the basis of his 
degree of deficiency. 



T.mii.i; .‘i. — M azk f'CoitEH* or Suiukcts i.v tub Diffeuent ExpEiiuiEffTAr^ Pbhiods, and of CoNTiioLS Tested at the Same Time Intervals. 
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Tlicse results indicate that deficiency of the B vitamins is asso- 
ciated witli impaired ability to solve a series of mazes, that this 
impairment begins early in the deficiency and progresses as the defi- 
ciency deepens and that it may be restored by the administration 
of either thiamine alone or the B complex. From these facts it 
might be inferred that thiamine was the active factor in the results 
olitained and that other members of the B complex produced no 
further effect.* Before such an inference is acceptable observations 
should be made upon subjects receiving the entire complex over a 
prolonged period to determine whether any further improvement in 
maze score is possible. 


Table 4.— Amount by Which the Maze Scores of the Subjects in the Different 
Experimental Periods Exceeded or Fell Short of the 
Scores of the Controls at Each Period. 


Period. 

Test 

Scries. 

I (deficiency) 

{ B 

II (thiamine) 

C 

Ill (B complex) 

D 

Test Series (A + B) (deficiency) 
Test Series (C 4- D) (therapy) , 



Significance of 


Diffcrcnce-s. 

differences. 

Mean of subjects 

p* 

minus 

(.05 and less are 

mean of controls. 

significant). 

— 25.75 

.14 

-18.87 

.10 

+ 8.00 

.01 

~ 1.02 

.80 

-22.31 

.087t 

-h 3.14 

.73 


* See Tabic 3 for definition of P. . ■ _ 

t P = .087 is calculated from the average score for Test Scries A and B for each subject and 
control. If the difference between subjects and controls is treated on the assumption that A and 
B arc independent tests, then P = .03. 


In view of the consistent and statistically significant improvement 
in each subject’s performance on the maze after therapy as com- 
• pared with her performance when deficient and in view of the essen- 
tially constant performance of the controls over a similar period of 
time, it seems clear that in this group of subjects, in whom the other 
experimental factors were constant, the changes observed were due 
to the tlierapy employed. These observations should in no sense be 
construed as implying that a vitamin B complex deficiency is the 
only factor which may result in poor maze performance. The 
results may be accepted, however, as indicating that an impaired 
maze performance is a significant manifestation of deficiency of the 
B vitamins. 

hlorbidity alone presumably does not affect maze performance 
adversely. At least data obtained in studies on rats^ “ -^ show that 
inanition does not reduce performance whereas a specific deprivation 
of the B vitamins does do so. Further elucidation of this problem 
in the human, however, is necessary. 

It appears to be well established that in order to solve a maze 


* Becauso of the iicccssity of xisinp; the mazes in different positions it was not 
possible to compare directly the effoets of thiamine and the B complex, but the 
improvement achieved from deficiency to the thiamine period (Test Series A to 
Test Series C) was analogous to that achieved from dcficicncv to the B comnlex 
period (Test Scries B to Test Series D). 
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successfully one must be capable of considering a number of factors 
simultaneously and of choosing between the alternatives on which 
ultimate success depends. The exact extent to which the findings 
on the maze may be applied to problems of everyday life is still not 
certain, but one may assume that when in daily life a person defi- 
cient in the B vitamins must exercise the mental functions that are 
required to solve a -maze, namely, foresight and judgment, he will 
do so less adequatelj’- than the person properly supplied with these 
faetors. 

2. Intelligence Tests. There was no significant difference in initial 
intelligence between the subjects and the controls, both being in 
the dull normal group of adult intelligence. Averaging the results 
of all the Tests, the intelligence quotient of the subjects was 85.7 
(mental age 13 years and 9 months) and of the controls, 78.7 (men- 
tal age 12 years and 8 months). 

No significant differences were observed in intelligence test scores 
during deficiency pr after therapy. The controls likewise showed no 
significant differences from one testing period to another. These 
results indicate that adult intelligence test performance does not 
deteriorate during deficiency of the B vitamins of the degree here 
studied nor does it improve after therapy with these substances. 

3. Reasoning Ability {Reading). The Thorndike INIcCall reading 
tests indicated that the subjects and controls read with a compre- 
hension to be expected for their mental age levels. The difference 
between the subjects and the controls on reading score was not a 
significant difference. A summary of all testing periods showed the 
following performance; 

School Grade * 

in reading. Reading Age. T* Score, 

Subjects 7.3 13 >ts. 7 mos. 55.7 

Controls ■ 6.1 12 yrs. 4 mos. 48. G 

* T score is a standardized score more suitable for statistical procedures than other 
translations of the score. 

No significant changes in the subjects or in the controls were 
noted from any testing period to any other testing period. 

4. Tappmg Performance. Although the controls at each testing 
period were somewhat faster than the subjects the differences be- 
tween them were within the range to be expected by chance. An 
average of all performances at the three testing periods for the sub- 
jects and for the controls showed the following number of tajis in 
30 seconds: Subjects, 74.2; Controls, 82.7. 

In the case of tapping, as in that of reading comprehension and 
in general intelligence vitamin B deficiency apparently did not cause 
deterioration, nor vitamin B therapy improve tapping speed and 
accuracy'. 

Conclusions. From observations on 4 adult suliject.s and 4 con- 
trols we may conclude: 

1. Foresight and judgment, as measured by pcrforniancc on maze 
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tests, are impaired when tlie subjects are deficient in tlie B vitamins 
and are improved after therapy with thiamine or with the B complex. 

2. General intelligence, reasoning ability (reading) and speed of 
hand muscle coordination (tapping) show jio measurable deteriora- 
tion when the subjects are deficient in the B vitamins and no im- 
provement after therapy with thiamine or with the B complex, 
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The present report of a ease of chancre of tlie gum is prompted bv: 
1. the rarity of this lesion; 2, the unusual appearance of chancre of 
the gum when compared with primary syphilitic lesions at other sites; 
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and 3, the fact tliat the syphilitic nature of the lesion may iiot be 
readily' recognized. 

The rarity of chancre of the gum is indicated by the estimate^’' 
that this primary lesion accounts for only 0.46 to 1.4% of extra- 
genital chancres, which, though not rare, are unusual, since they con- 
stitute only 8 to 9% of all chancres. Klauder,^ in 1921, reporting a 
case of chancre of the gum, surveyed the world literature concerning 
this subject and found the number of cases recorded, including his 
own, to be 113. In 1937, Straith,^ reported an additional case. He 
carefully combed the literature which had appeared subsequent to 
Klauder’s report and discovered 42 additional cases. The only 
communication noted in the literature since then has been a single 
case report by Scarpa® which brings the total of cases reported to 
157. Terj'^ few of these cases are in the American and English 
literature. Indeed, since Klauder’s report in 1921, only 3 cases 
have- been cited — Cabot- in 1930, Epstein® in 1933, and StraitlC 
in 1937. 

Case Report. The patient was a 19-year-old unmarried negress, a domes- 
tic, who was first seen in the Pediatric Out-patient Clinic of the New Haven 
Hospital at the age of 9. Following that observation, she appeared in the 
various Out-patient Clinics of the hospital from time to time for reasons 
that are irrelevant to this presentation. During this period, routine sero- 
logical tests for syphilis were carried out on her blood with negative Kahn 
reactions being reported in 1930, 1934 and 1937. 

On May 7, 1940, the patient appeared at the Medical Out-patient Clinic 
complaining of tenderness of the left upper gum. She reported that one 
week previously she had noticed a sore, red spot on the gum above the left 
lateral maxillary incisor. -At first, it M'as no larger than the head of a pin, 
but over the period of a week it rapidly increased to almost the size of a 
dime. It became quite painful and bled easily when she brushed her teeth. 
Associated with this, a small painful lump appeared in the left side of her 
neck. Examination on May 7, 1940, revealed a reddish, soft, tender,^ raised 
area of gum about 1.0 cm. in diameter over the left lateral maxillarj' incisor 
and canine teeth. This lesion bled easily when touched. There was also 
noted an enlarged tender cervical node at the left angle of the jaw. 

Following this e.xamination she was referred to the Dental Clinic where, 
on 3\'Iay 15 and 16, 1940, dental prophylaxis was given and sodium per- 
borate mouth washes were prescribed. Because of the Unusual character 
of the lesion, she was returned to the Medical Clinic on May 23, 1940, 
complaining that the gum lesion was worse and_ that the lump in her neck 
had increased in size and had become more painful. Examination of the 
gum lesion on this date was as follows; The lesion was on the labial gingiva 
overlying the alveolar bone covering the roots of the t\vo left maxillarj' 
incisors as well as portions of the left cuspid and right first incisor extending 
down over portions of the crowns of these teeth. It was about 1 cm. by 
2 cm. in diameter and was uniformly elevated about 3 mm. throughout, 
with a clearly defined border. In contrast to the normal, firm, pink .sur- 
rounding gingiva this lesion was non-pigmented, spongi’, and had a bnglit 
deep red color. The dark cloudy areas scattered over the normal gingiyic 
which arc shown in the illustration arc, of course, nonnal pigmentation 
common in the colored race. The surface of the lesion glistened and vas 
somewhat granular and cauliflower-like in appearance. There was some 
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bleeding but this was not excessive even on manipulation. Although the 
patient was quite apprehensive during the examination, the pain which 
she experienced when the lesion was touched or manipulated was probablj’- 
quite genuine. There was regional lymph node involvement associated with 
the lesion, the submaxillary and anterior cendcal lymph nodes being hard, 
moderately enlarged, and quite tender. Motion of the jaw was limited. 
Roentgen ray examination of the teeth under the lesion revealed no ab- 
noi-malities. A Kodachrome color plate of the lesion is shown in Figure 1. 

For the first time, the possibility of a chancre was considered. Serological 
examination of the 'blood on this date revealed a 4+ Kahn reaction, a 
4+ Wassennann reaction with the cholesterolized antigen, and a negative 
Wassermann reaction with the alcoholic antigen. Repeated serological 
studies of the blood demonstrated a 2+ Wassermann reaction with the 
alcoholic antigen on May 28 and a 4+ AVassermann reaction with the 
alcoholic antigen on June 4. Darkfield examination of the gum lesion 
on May 25 was negative for Tr. pallidum. 

Close examination of the personal histor}’’ of the patient now revealed 
the following significant information. A 30-year-old negro, with whom the 
patient had been having sexual intercourse for 5 months, was examined 
on June 4, 1940. He was found to have mucous patches (dark field positive) 
in both tonsillar fossffi and on the inner surface of the lower lip. His blood 
revealed a 4-H Kahn reaction and a 4-1- Wassermann reaction with both 
alcoholic and cholesterolized antigens. At the same time a 20-year-old sister 
of the patient, who also had engaged in sexual intercourse with the same 
man, was found to have mucous patches (dark field positive) in her mouth 
and a 4-1- Kahn reaction and a 4-h Wassermann reaction with both antigens. 
The patient steadfastly denied acts of sexual perversion. 

On June 6, 1940, following an intramuscular injection of 0.2 gm. of 
bismuth subsalicylate in oil, she was admitted to the Medical Service of the 
New Haven Hospital for antisyphilitic therapy. 

Examination revealed the following significant changes; The chancre 
was _some^yhat diminished in size and in elevation and did not bleed on 
manipulation. It was only slightly tender to touch. In addition to the 
cervical adenopathy, there was a slight enlargement of the axillar}'- and 
epitrochlear iT^unph nodes. There were no genital lesions. 

The following laboratorj'- data preparatory'- to therapy'- were secured: 

Blood: R.B.C. 4,160,000, HIr. 75% (14.5 gm. = 100%), platelets, 250,000; 
W^.B.C. 9,000, Diff. 70% seg. polymorph, neutrophils, 5% non-seg. poly^- 
morph. neutrophils; 17% lyunph., 7% monos., 1% eosinophils. 

Idcricindex: 6. 

Urine: Clear, straw, acid reaction, sp. gr. 1.020; al. and sug. negative; 
centrifuged sed. negative for R.B.C., AV.B.C. or casts. 

(S/oof; Soft, fonned, dark brown. Guaiac, negative. Phenohidfon- 
phtholein urinary ezcrelion: 65% in 2 hours. Liver fimclion test: No reten- 
tion of bromsulphalein after 30 min. 

lioentgcn ray of Chest: Negative for pulmonary’- or cardiac lesions. 

Since January', 1940, the 5-day- massive dose arsenotherapyi of syphilis 
by the intravenous drip method has been employed at the New Haven 
HosintaF for the treatment of primary' and secondaiy syphilis. Accordingly 
this method of therapy, with the administration of a daily dose of 240 mg 
of hlapliarsen (arsenoxide), or a total of 1200 mg. of the drug in 5 day's 
was carried out on the patient from July' 8 to July 12, 1940. During this 
period there Avas a slight but definite response of the chancre in that the 
degree of elevation over the surrounding gum was diminished, and the 
granular and cauliflower ajipearance noted heretofore changed to that of a 
normal smooth surface. Following this initial response the only change 
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iioted ill the lesion was the substitution of a more normal pink appearance 
m place of the bright red color. There still remains (March 18, 1941) a 
slight thickening of the gum at the site of the lesion, probably due to 
fibrosis and scarring. 

The course of the serological changes are detailed in Table 1. It is 
apparent that the first serological change occurred 4 weeks after therapy 
and that complete seroreversal was obtained by 19 weeks’ therapy. 


Table 1. — Serologic Findings. 
Serology. 

Wassermann. 

• . Weeks 

^ Ale. Choi. after 

Date. Kahn. antigen. antigen, therapy. 


1930 
Mar. 14 


1934 

Sept. 12 . 

1937 

Mar. 17 . 
1940 

May 23 . 

. 44- 


44 - 

May 25 . 




May 28 . 

. 44- 

2-h 

44 - 

June 4 . 

. 44- 

4 + 

44 - 

June 8-12 




June 19 . 

• ' 44 - 

4+ 

44 - 

June 25 . 

. 44 - 

4+ 

44 - 

July 5 . 

. 44 - 

3+ 

44 - 

July 11 

. 44 - 

2-f- 

44 - 

July 19 . 

. 44 - 

— 

44 - 

July 23 . 

. 44 - 

— 

3+ 

July 30 . 

. 44 - 

— 

34 - 

Aug. IG . 

. 24 - 

— 

— 

Sept. 19 . 

. 24 - 

— 

— 

Oct. 17 . 

. 24 - 

— 

44 - 

Oct. 25 . 

— 

— 

— 

Oct. 29 . 

— 

— 

— 

Nov. 5 . 





Notes. 


Picture of gum lesion taken 
Darkfield examination of 
chancre negative 


Massive arsenotherapy 
treatment 

1 

2 

3 

4 

5 
fi 
7 
9 

14 

15 

19 

20 

21 Lumbar puncture; Pandy 

neg., 1 Ij’mphocyle per 
mm.’, colloidal gold curve 
0000000000 , Wiusscrmaii 
negative. 


Discussion. Klaudei-^ has described in detail two types of eluincre 
seen on the gum: the abrasive or erosive type, into whieli group tlie 
present reported case falls, and the ulcerative type. T-iie former 
is the more easili' recognized tvpe, with a smooth glistening, convex, 
carmine-colored- surface. The border is usually sharply demarcated 
from the surrounding '.tissue and the lesion may vary in size from a 
few millimeters to 2 or 3 cm. in diameter. Dark-field examination 
for Tr. ■paUidum is usuiilly positive. The second, or ulcerative t.vpe, 
is more difficult to recognize and is de.seribed by Klauder as an ulcera- 
tion of variable size and configuration with or without a sharply 
circumscribed edge. 
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These chancres are associated with a more or less painless adeno- 
jjathy of the maxillary nodes. This occurs early and the nodes arc ^ 
frequently of cartilaginous hardness. It is noteworthy that the 
chancre occurs almost always on the upijcr anterior gum and with 
surprising frequenc.y on the left side. Location of the lesion on the 
posterior aspect of the gum is seen with extreme rarity. 

DifiFerential diagnosis, if the possibility of gum chancre is kept 
in mind, is not ordinarily difficult. Darldield examination, serologi- 
cal tests for syphilis, and the presence of a marked unilateral maxil- 
lary adenopathy, usually hard and non-tender, provide the basis 
for the correct diagnosis in the majority of cases. Interpretation of 
the darlffield may, of course, be difficult at times because of the 
presence of spirochetes in the mouth other than Tr. imllukim. 

The lesion must ordinarily be differentiated from hypertrophic 
gingivitis and epulis. Chronic or subacute hypertrophic gingivitis 
is usually more generally distributed over all the gingivse. It does 
not tend to localize or be circumscribed, nor is it so clearly demar- 
cated from the surrounding normal structure. Hypertrophic gingi- 
vitis commonly originates and usually extends along the marginal 
gingivfe and is more ulcerated. The color is less bright red and more 
blue as in congestion and does not show the glistening granular 
and cauliflower reaction seen in chancre. It is not so painful to 
touch nor is the patient so apprehensive, as a rule. Regional lymph 
gland enlargement is not a common accompaniment of hypertrophic 
gingivitis. ' 

The lesion shown here may conceivably be confused with certain 
kinds of epulides, especially the younger vascular type. These 
tumors, however, have a more rounded form, are not so uniformlj’- 
elevated and show a marked tendency towards pedunculation. 
They may have a glistening deep bright red color as seen in this 
ease, but often tend to bleed profusely owing to the vascularity 
commonly observed in the early stage. Again they are not so painful 
to touch on manipulation nor is regional lymph gland involvement 
associated with them. 

The authors are indebted to Mr. Howard J. Reynolds, photographer, Yale Uni- 
versity School of Medicine, for the photography of the colored illustration in this 
report. 
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THE DURATION OF ACTION AND THE ACTIVITy OF DIFFERENT 
SIZE DOSES OF PROTAMINE ZINC INSULIN. 
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(From the Departments of Medicine and Physiologj' of the University of Southern 
California fLos Angeles], and the Department of Medicine 
of the Los Angeles County Hospital.) 

The clinical literature gives no sharpl 3 ’’ defined statements on the 
comparative duration of action of different size doses of protamine 
zinc insulin. Opinions on the duration of action and time of maxi- 
mum activity of a given dose tmry from worker to worker. A few 
quotations will illustrate this diversity of opinion. WildeP" states; 
“The activity of protamine insulin is prolonged for more than 
48 hours in fasting diabetic patients. The duration of action of 
protamine insulin when food was given exceeded 36 hours.” Aitken^ 
says: “Observations of the effect of protamine zinc insulin on the 
glycosuria of diabetics receiving constant diets (usually in 3-hourly 
feedings) indicate that a large and possibly maximal insulin effect 
is exerted on carbohj^drate metabolism within 3-6 hours of the 
injection, and that the total duration of effects of doses lying 
between 15 and 100 units is 15-60 hours.” Neuhoff and Rabino- 
vitch,® however, state that the lowest blood sugar, if protamine zinc 
insulin is given at 7 A.M., will be obtained in nearly all cases after 
20 hours. On the other hand, if the injection is gi\'en at 10 P.Ji. 
the low point n'ill in most cases occur after 5 hours. Others, Mark' 
and Ricketts,® in contrast speak of the constancy of action of pro- 
tamine zinc insulin. Kerr and BesP also conclude: “Up to a 
point the effect of increasing the dose of protamine zinc insulin is 
seen to be that of prolongation of its action rather than a further 
depression of the blood sugar.” R. D. LavTence® is one of the few 
who gives any quantitative statement regarding the duration of 
effect of dift’erent size doses and time of maximum effect. His table 
of action is as follows; 


Protamine . Commonest time 

zinc insulin Duration of hj'poRlyccnua 

(units) (hrs.) (hrs.) 

10 • . 0— s a 

20 . ... 12 8-12 

30 ! .... 18 - 2-1 8-20 

.10 24 10-24 


llie studies to be presented in this paper are the attempt to 
clarify this problem of the duration of action and the activity of 
different size doses of protamine zinc insulin. We were unable coin- 
jiletely to interpret our clinical results until we had studied the 
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problem in the depancreatized dog. These results, therefore, will 
be presented first. 

The depancreatized dog was selected for the studj'^ of the dura- 
tion of action of protamine zinc insulin for two reasons: 1, There 
is no pancreas present to confuse the issue by the secretion of an 
unknown amount of insulin. 2, There is a fasting insulin need, or 
basal insulin requirement^ in these dogs. When the absorption of 
insulin, which has been injected, falls below the basal requirement 
the blood sugar rises abruptlju This gives a sharp end point for 
the measurable activity of injected insulin. This is a fact of real 
importance in determining the duration of action of protamine zinc 
insulin. Two depancreatized dogs were used which had a marked 
dift’erencc in their basal insulin requirements. This was done in 
order to determine the relationship of the basal insulin requirement 
to the duration of action of protamine zinc insulin. Dog D had a 
basal requirement of 0.3 unit per hour and Dog C, a low basal 
insulin requirement of 0.16 unit per hour. 

The effects of single injections of 5, 10, 20 and 40 units of prota- 
mine zinc insulin were studied at approximately weekly intervals. 
The dogs were fasted for 12 hours prior to the tests and during the 
test. The insulin activity was measured by the amount of intra- 
venous glucose required to maintain a normal blood-sugar level. 
The end of measurable activity was considered to occur when the 
blood sugar curve showed a rising level. (The dogs remained in 
good condition during the weeks of study and had no significant 
changes in diet or insulin requirement.) The results obtained are 
shown graphically in Charts 1 and 2, and are summarized in Table 1. 


Table 1.— Dur.vtion of Action of Different Size Doses of Protamine Zinc 
Insulin in Depancreatized Dogs. 

Summary of Charts 1 and 2. 


Size of dose of 
protamine zinc 
insulin 

Duration of measur- 
able activity in hours. 

Peak of action 

in hours. 

Intravenous glucosi 
required, gm. 

(units). 

Dog D.* Dog C.t 

Dog. D. 

DogC. 

Dog D. 

Dog C. 

.5 . . 

. . 16 

20 

11-16 

15-19 



10 , . 

. . 22i 

24 

16-22 

15-24 


2.7t 

20 . . 

40 . . 

. . 25 51 

. .25 

13-20 

12-20 

14-24 

n 

5t 

9t 


* Basal insulin requirement Dog D, 0.3 units regular insulin per hour, 
t Basal insulin requirement Dog C, O.IG units regular insulin per hour. 

_ t More glueose could have been given as the blood sugar was in the hypoglycemic . 
range at several points. 


^ 1. The Duraiion of Action of Different Size Doses in: (a) The 
Same Animal. It is obvious from the charts that the duration of 
action varies with the size of the dose, but is not directly propor- 
tional to the size of the dose. This is clearly illustrated by Dog D, 
where 5 units lasted 10 hours, 10 units 22h hours, 20 units 25 hours 
and 40 units 25 hours. The actual activity of both 20 and 40 units 
probably lasted longer than the 25 hours of mea.surable activitv 
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but was masked by the high basal insulin requirement of this dog. 
In other words, the insulin being absorbed was below the amount 
required to maintain the blood sugar level. 


Diana; Different size doses in same animal to 
contrast activity and duration of action 



5 units 

10 units 

20 units 
40 units 

t » 

i 1 Inlrovenous glucose 


Chart 1. — Effects on the blood sugar of single injections of 5, 10, 20 and 40 units 
of protamine zinc insulin. The amount and time of injection of intravenous glucose 
is indicated by arrows. All the arrows pointing upward refer to the 20-unit cuiwe, 
while the single don-nward arrow refers to the 40-unit cun'e. Basal insulin require- 
ment 0.3 units regular insulin per hour. 


Cricket: Different size doses in same animal to 
contrast activity and duration of action 



Chart 2.— Effects on the blood sugar of single injections of 5, 10 and 20 units of 
protamine zinc insulin. The amount and time of injection of intravenous glucose is 
indicated by arrows. All the arrows pointing upward refer to the 10-unit curve, 
while the arrows pointing downward refer to the 20-unit curve. Basal insulin rcqtiirc- 
ment 0.10 unit regular insulin per hour. 


(6) Different Animals. The diflerence in the duration of action 
of the same dose in different animals is striking. In every instance 
Dog C with a lower basal requirement showed a longer duration 
of action: 51 hours for 20 units as contrasted with 2.5 hours in 
Dog D (see Table 1). 

2. Tiic Time AdhiUj Function. The gradient of fall of the Jilood 
sugar is only slightly more rapid with the larger size dosc.s of prota- 
mine zinc insulin. This indicates that the rate of ab.sorption i.s not 
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proportional to the size of the dose. This may be related to the 
fact that the surface area of the injected insulin is proportionally 
greater with smaller volumes. Thus in Dog D, 40 units caused a 
fall from 360 to 72 mg. per 100 cc. in 13^ hours and 5 units a fall 
from 300+ to 180 mg. per 100 cc. in 14 hours. 

The time of the peak of activity appeared to vary only slightly 
with the size of the dose but the effect was greater with the larger 
size doses. This is demonstrated by comparing the activity of 
5 units and 20 units in Dog D. Five units caused a moderate fall 
in the blood sugar level in the first 11 hours, a plateau for 5 hours 
and a sharply rising blood sugar level between the 18th and 17th 
hours. In the e.xperiment with 20 units, 7 gm. of glucose were 
required between the 14th and 19th hours to prevent severe hypo- 
glycemia. This was followed by a relatively constant blood sugar 
level until the 25th hour when the blood sugar slowly started to 
rise. The only slightly greater increase of effect of 40 units as 
compared with 20 units in this same dog illustrates the relative 
decrease in effectiveness per unit with increasing dosage, a fact well 
established for regular insulin .- 

It should be stressed that the actual absorption of small amounts 
of protamine zinc insulin may last far longer than the measurable 
effect on the blood sugar, as explained above. 


Table 2.— Dubation of Action of Protamine Zinc Insulin in Patients.* 


Patient. 



PZI in 

Duration 
of action 

Peak of 

Basal 

rate 

Glucoso 
per os 

Sox-. 

Age. 

units. 

in hrs.t 

activity. 

per hr. 

m gm. 

1. F. B. . . . 

. F 

13 

10 

8 

0-f 

u 

0 

2. L. S. . . . 

. M 

53 

30 

12-f 

? 

1 

38 

3. A. C. . . . 

. M 

2G 

30 

24 -f 

? 

? 

6 

175 

4. M. F. . . 

F 

45 

30 

24 + 

18-24 

7 

7 

0 

5. .1. S. . . . 

. M 

IG 

40 

18 

9-lG 

2 + 

0 

0. P. Q. 

. M 

23 

40 

IS 

7 

2+ 

0 

7. C. K. . . 

. M 

73 

50 

23 

7 

7 

35 

8. J. D. , . . 

. M 

53 

100 

48+ 

24-30 

1 

3 

3SG 

* Patients received no food during test except glucose per os ns required to prevent 
hypoglycemia. 


t The end of activity was considered to occur when the blood-sugar level rose, 
or remained stationary for several hours-. 


The duration of action of a given dose of protamine zinc insulin 
varied from patient to patient as in the depancreatized dog. Illus- 
trative findings are summarized in Table 2. It is apparent from 
these results that tliere is a difference in duration of action in the 
mild diabetic as contrasted with the severe diabetic. In mild dia- 
betics doses of 30 units or more lasted over 24 hours and required 
hirge amounts of glucose (by mouth), to prevent hypoglvcemia. 
This is illustrated by Patient A. C. (No. 3, Table 2) where 30 -units 
lasted over 24 hours and required 175 gin. of glucose to prevent 
hypoglycemia. Severe diabetics, so classified liecause of a fasting 
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insulin requirement,' showed a much shorter duration of action of 
comparable size doses. Thus, 40 units in Patient P. Q. (No. 6, 
Table 2) and J. S. (No. 5, Table 2) witli high basal insulin rates, 
2+ units per hour, lasted only 18 hours and required no glucose to 
prevent hj'poglycemia. 

Table 3 shows a detailed record of the results of injection of 
30 units of protamine zinc insulin in a moderately severe diabetic, 
and Table 4 the effect of 40 units of protamine zinc insulin in a 
severe diabetic. Tables 3 and 4 illustrate how the results in Table 2 
were obtained. 


Table 3.— Dotlition op Actiox of 30 Units Pkotaminb Zinc Insulin in JIod- 
EHATELV Severe Diabetic (M. F.), Fe 43 .* 


Time. 

Blood sugar 

Insulin. in mg. per 100 cc. 

7 .A..M 

. 30 PZI H 136 

8 A.M 

155 

9 A.M 

155 

10 A.M 

144 

12 noon 

125 

3 P.M 

101 

0 P.M 

136 

9 P.M 

112 

12 M 

SO 

7 A.M 

C9t 

* Patient fasting throughout test. 

t The duration of action is over 24 hours, although the test was stopped at the 


24th hour. 


Table 4.— DuR.vnoN of Action or 40 Units of Prota.mine Zinc Insulin in a 
Severe Diabetic (J. S.. male, 10).* 


Time. 


Insulin. 


Blood Fupar 
in nifc. per 100 ce. 


C:o0 A.M ... 172.4 

7:15 A.ar. 40 UTjiis 

10:40 A.ji 142 S 

12:55 P.M . . 163.9 

3:00 p.si 153.8 

8:00 P.M 142 

11:00 P.M 133 

1:16 A.M 140 

0:40 A.M 200 2 


* Patient fasting throughout test. 

The end of action of the 40 units was considered to occur lietwccn the ISth and 
24th hours. 


The results tabulated in Table 2 also show that the peak of 
activity varied with the size of the dose and the basal insulin 
requirement, and appeared later with the larger size doses. (Ihe 
petik of activity was considered to occur when there was the hi.ste.st 
rate of fall of the blood sugar or when the largest amount of glucose 
was required to prevent hypoglycemia.) To illustrate, 10 units of 
jirotamine zinc insulin in Patient F. B, (No. 1, Table 2) with a 
basal rate of ]i, units per hour had its peak in G to S lioiirs, 30 units 
in Patient M. F. (No. 4, Tabic 2) with a liasal insulin requirement of 
14- units ])cr hour was probably reaching it.s peak at the end of 
24 hours, while 100 units in Patient -J. D. (No. S, Taidc 2) with a 
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liasal requirement of \ unit jicr hour, readied its peak lietween the 
24th and 30th hours. 


Table 5.— Duration 

OF Action 

OP Protajune Zinc Insulin 

With Diet. 




PZI units 

Duration of* 

Diet, 




(before 

action in 

C., P., F. 

P.iticnt. 

Sex. 

Age. 

breakfast). 

hrs. 


1. G.B. . . 

. M 

20 

45 

18-24 

250-75-100 

2. N. S. . . 

. F 

14 

50 

24 + 


3. .1. D. . 

. M 

5.5 

lOOt 

21 

250-S.5-G0 

4. C. A. . 

. F 


55 

24+ 

150-65-80 

5. C. McF. . . . 

. F 

bA 

100 

24+ 

150-05-80 


* Activity was taken as being at an end if the blood sugar rose from midnight to 
7 A.M. (Dinner at 5 p.m.) Blood sugar determinations were made every 4 to 6 
hours or oftener during the entire 24-hr. period, 
t In two injections of 50 units. 


Table G.— Protamine Zinc Insulin With Diet. 
(C. A. Colored Female.) 



Blood sugar, 
mg. per 

Diet, 

C. 150, P. 05, 

Urine sugar 

Insulin. 

Time. 

100 ec. 

F. 80., 

in gm. 

G:.30am. 

7;00-7;15 a.m. . . 

0:05 A.M. 

10:45 A.M. 

. . 258 
. , 200 

Breakfast 


55 PZI 

8:30-10:45 a.m. 

10:.30-11:00 A.M. 

1:05 P.M. 

3:55 P.M. 

. . 370 
. . 2GG 

Lunch 

300 cc. = 
no sugar 


10:45-3:55 p.m. . 

4:30-5:00 p.m. . 

7:40 P.M. 

. . 275.8 

Dinner 

1390 cc. = 
G.8 gm. 


3:5.5-7:45 P.M. . . 

11:15 p.m. . . . 

. . 248.4 

' * 

500 cc. = 
2.25 gm. 


7:45-11:30 P.M. 

5:40 A.M. 

, . 1.38.9* 


900 cc. = 
3.0G gm. 


ll:.30 P.M.-S:15 a.m. 

. . 


1200 cc. = 
no sugar 



Total = 12.11 gm. 

* Patient complaining of insulin reaction, given orange juice. 

Tlie results of curves of protamine zinc insulin with the diet are 
summarized in Table 5. Table G shows a sample of the type of 
curve from which the summaries in Table 5 were made. It is 
apparent from our results that it is difficult to gauge duration of 
efl'ect or peak of activity with diet, since in 3 of the cases (N. S., 
Xo. 2, Table .5; C. A., No. 4, Table 5; C. iNIcF., No. 5, Table 5) the 
blood-sugar level was falling at the end of the 24 hours. The post- 
jirandial rise of the blood sugar after meals (see Table 6) masks the 
point activity of protamine zinc insulin during the day, so that few 
deductions can be drawn concerning time of maxiinum activity. 
The only period for observation is the postabsorptive period at 
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night. If the blood sugar falls during this period and then starts 
to rise abruptly one can make some deductions concerning the dura- 
tion of action of protamine zinc insulin. 

Discussion, ^^dien one examines critically many of the curves in 
the literature the reasons for the divergences of opinion are apparent: 
1, Confusion exists concerning the interpretation of cur^"es vith 
diet, as contrasted with fasting curves. 2, No differentiation is 
made between the duration of measurable actiidty of a given dose 
in the severe diabetic as contrasted with the mild diabetic. 

The usual curve presented to show duration and peak of acti^’ity 
is done with protamine zinc insulin and diet. From curves of this 
type few deductions can be drawn concerning peak of action or 
maximum activity, due to the occurrence of postprandial hyper- 
glj^cemia. Onty when curves are made with the blood sugar main- 
tained in the physiologic range (80 to 150) can deductions be made 
concerning peak of activity. It is to be expected that the blood 
sugar will fall when food ceases to be absorbed at night, if there is 
any appreciable insulin activity present. 

The majority of curves adduced to show that protamine zinc 
insulin has the same effect whether given in the morning or in the 
evening are in relatively mild diabetics or involve such large doses 
that acti^dty lasts over 24 hours. As doses of 30 units last o^■er 
24 hours in mild diabetics it is obvious that cumulative effects 
smooth out the curve. That protamine zinc insulin does not have 
a constant effect in severe diabetics has been shown in Table 2. 
The difference between activity in the mild diabetic and the severe 
diabetic needs to be stressed again in this connection. It is im- 
portant to give protamine zinc insulin to the severe diabetic properly 
timed in relation to the period when maximal insulin effect is needed. 
]\Iany of the cur^’es in the literature if examined show tlie points 
we are stressing. In the curves of Kerr and Best^ in the depancrea- 
tized dog although the blood-sugar levels were very low an obvious 
difference in duration of effect with different size doses is apparent. 
Thus the blood sugar started to rise after S hours with 1 unit per 
kilo of protamine zinc insulin, after 18 hours with 2 units of prota- 
mine zinc insulin per kilo and after 28 hours with 3 units of prota- 
mine zinc in.sulin per kilo and there was a severe reaction at 28 hours 
with 4 units of protamine zinc insulin per kilo. 

Summary. ^Ve have shown in the depancreatized dog the follow- 
ing facts: 1. Tlic duration of action of protamine zinc insulin varies 
with the size of the dose, but is not proportional to the size of the 
dose. 

2. The duration of measurable effect varies with the basal insulin 
requirement of the animal, A dog with a high hourly basal insulin 
requirement has a shorter duration of action of a given dose than a 
dog with a low hourly basal requirement. 

3. The peak of activity varies slightly with the size of the dose, 
but the total activity is greater vdtli the larger size floses. 
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Applying these facts to diabetic patients, the following conclu- 
sions were reached: 1. There is a difference in duration of action 
of a given dose of protamine zinc insulin in the mild diabetic, with 
no basal insulin requirement, and in the severe diabetic with a basal 
requirement. The duration of action of protamine zinc insulin in 
the severe diabetic is influenced by the basal insulin requirement of 
that individual. 

2. Tliere is a period of maximum activity with all size doses of 
protamine zinc insulin and this period is delayed with the larger size 
doses. 

3. Curves of activity with diet are difficult to evaluate unless 
rigid criteria are used. A falling blood sugar in the postabsorptive 
period at night gives little information either as to intensity of 
activity or duration of activity of a given dose. A falling blood- 
sugar level followed by a rising level will give information as to the 
duration of action. 

4. The importance of these results in proper timing of insulin 
do.sage in the severe diabetic is discussed. 
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OBSERVATIONS ON THE ORAL ADMINISTRATION OF CITRATED 

BLOOD IN MAN. 

n. The Effect on The Stools.* 

By Leon Schiff, M.D., 
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(From the Department of Inlcrn.Tl Medicine, University of Cincinnati Medical 
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In the management of patients with hematemesis or melena it is 
inqiortant to determine the severity of the hemorrhage and wliether 

* Read by title before the meotinR of the American Society for Clinical Invcstipa- 
Uon, Atlantic City, May 5, 1941. This work was aided by a grant from Parke 
Davis A Co., through the cooperation of Dr. E. A. Sharp. 

t .lustin A. Rollman Follo\\-s in Internal Medicine, 193S-1939, and 1937-193S 
respectively. " ' 
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or not the bleeding has stopped. In this connection one frequently 
finds the clinician assuming that the patient has had a severe hemor- 
rhage because he has passed a tarrj^ stooh and that the patient is 
still bleeding because he continues to pass tarry stools or because 
his stools continue to give a positive chemical test for occult blood. 
In order to test the validity of these assumptions it was decided to 
give patients and normal controls known amounts of citrated human 
blood either orally or bj’’ stomach tube and to obser^'e the effect on 
the stools. 

The Ainonnt of Blood Necessary io Produce a Tarry Siool. The 
subjects used in this study consisted of 3 normals and 15 ward 
patients varjdng in age from 23 to 72 who, with one exception, were 
free of digestive tract disease. Citrated venous blood, 2 to 3 weeks’ 
old, was mixed witli 100 to 200 cc. of charged artificial Mchj' water* to 
help disguise the taste and was then administered orallj". Before the 
blood was gi\'en to any subject, at least two of his stools were found 
to be of normal color. A regular diet was allowed, and drugs known 
to discolor the stools were prohibited. I^fiien blood was given more 
than once, an inter\'al of 10 days was allowed to elapse before the 
succeeding dose was administered. When a tarry stool was once 
obtained, no more blood was given. 

TabI/E 1.— The Ajiount of Citrated Brood Required to Produce a 

Tarry Stoor. 


Amount of No. of subjects ... 

blood admin- receiving No. with No. without 

istered (cc.). blood. tarry stools. tarry stools. 

50 7 0 7 

75 0 0 9 

100 7 4 3 

125 3 1 2 

150 4 1 3 

175 2 1 1 

200 2 2 0 


It will be seen from Table 1 that tarry stools were obtained in 
individuals gii'en from 100 to 200 cc. of blood. The 4 individual.s 
who passed a tarry stool after 100 cc. of blood did not pass such 
stools when given 50 or 75 cc. of blood, while the otlier 5 who pa.sscd 
tarry stools did not do so when given at least one smaller dose than 
the one which produced a tarry stool. These values are higher than 
those of 50 to SO cc. reported by Daniel and Egan’ in a study com- 
prising a group of 10 healthy medical students. The diff'ercnce in 
results may be e.xplained either by the fresh blood used by these 
authors or by a le.ss rigid criterion of a tarry stool. The designation 


Kindly furnished by the W. T. Wagner’s .^on.s Comti.my. 
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tarry " was applied by us only to a glistening stool having the same 
lilack color as found on a standard paint color chart.* 

Appearance and Duration of Bloody or Tarry Stools After Intra- 
gasiric Administration of Citrated Blood. The blood used in this 
phase of the study had been stored in the blood bank at the Cincin- 
nati General Hospital for 3 weeks and was kept at room temperature 
for an hour before it was administered. The blood was given by 
stomach tube in quantities of 1000 to 2000 cc. With amounts of 
1000 cc. it was allowed to flow by gravity into the fasting stomach 
through a Rehfuss tube during a period of 30 to 60 minutes. When 
a total of 2000 cc. was given, the blood was divided into amounts 
of 700, 700, and 600 cc. and was introduced at 4-hour intervals. 
A hypodermic injection consisting of codeine sulphate, gr. 1, and 
atropine sulphate, gr, preceded the administration of the blood 
in order to prevent too rapid passage through the intestinal tract. 


Table 2.— Appearance ano Duration of Bloody or Tarry' Stools After 
Intragastric Adsiinisthation of Citrated Blood. 


Subject. 

Amount of 
blood given 
(cc.). 

Appearance 
of let 

bloody stool 
(hrs.). 

Appearance 
of I St 
tarry stool 
(hrs.). 

Duration of 
bloody or 
tarry stools 
(days). 

No. of bloody 
or tarry stools. 

W. S. . . 

. 1000 

12 


1 

5 

S. W. . . 

. 1000 

17 


1 

3 

P. 0. . . 

. 1000 

4 


3 

4 

J. G. . . 

. 1000 

9 

20 

3 

5 

C. E. . . 

. 1400 

4 

24 

5 

8 

P. P. . . 

. 2000 


20 

4 

3 


Table 2 shows that following the administration of such quantities, 
the blood may appear in the stools within 4 hours and that the 
patient’s stools may be entirely bloody and never tarry, presumably 
as a result of intestinal hypermotility. Three of the 4 subjects 
receiving 1000 cc. of blood had no tarry stools whatever, the stools 
possessing a reddish cast following which they became a dark brown. 
Thus a grossly bloody stool does not necessarily indicate that the 
blood is entering the intestinal tract low in the small intestine or 
in the colon. 

The number of bloody or tarry stools is not directly related to the 
amount of blood ingested, since, for example, W. S, had 5 bloody 
stools after 1000 ce. of blood, whereas F. F. had but 3 tarry stools 
after 2000 cc. of blood, while C. E. had 8 bloody or tarry stools after 
1400 cc. of blood. Bloody stools may be passed for as long as 
3 days and tarry stools for as long as 5 days after the administration 
of a single quantity of blood. 

It was of interest that none of the subjects vomited the blood. 


* In .n previous roporf.s wo stated that “we have occasionallv obtained tarrj' 
stools following the or.nl ndniinistr.ntion of 75 cc. of blood, but in order tiniforml'v to 
obtain tnrrj- stools, wo have had to give 100 to 150 cc. of blood.” At this time'our 
entonon of a tarry stool was not .ns rigid as the one referred to in this paper, and 
the luinibcr of obsor v:\tion!* wns 



412 ORAL ADMINISTRATION OP CITRATED BLOOD IN MAN 

Duration of a Positive Test for Occult Blood in the Stools After Oral 
or Intragastric Administration of Citrated Blood. Hesser= made the 
interesting clinical observation that following hematemesis or melena 
in patients with bleeding peptic ulcer, occult blood is usuallj' present 
in the stools for a period of 2 to 3 weeks. (It might disappear within 
1 week or persist for as long as 5 to 6 weeks after hemorrhage.) 
Our observations listed in Table 3 are largely in keeping with this 
author’s observations, since following the administration of a large 
dose of blood, the stools may show a positive test for occult blood 
for as long as 14 days. The fact that Hesser obtained positive tests 
for longer periods may be explained by his larger number of observa- 
tions (72 patients), bj”^ the fact that in some of his patients bleeding 
may have continued or recurred after admission to the hospital, and 
by slowing of the intestinal motility in his cases as a result of bed 
rest and restricted diet. 


Table 3. 

— Duration of a Positive Test for Occult Blood in the Stools After 


Oral or Intragastric Administration of 

Citrated Blood. 





No. of Btools giving 

Duration of positive 


Amount of 

Method of 

positive test 

test (days) 


blood given 

administra- 

e- 

■- — 

with • 

Subject. 

(cc.). 

tion. 

Benzidine. Guniac. 

Benzidine. 

Guaiac. 

J. T. . 

. . . 125 

Oral 

3 

3 

3 

3 


175 

Oral 

4 

3 

5 

2 


250 

Oral 

7 

7 

10 

10 

G. R. 

... 75 

Oral 

4 

2 

4 

2 


125 

Oral 

3 

2 

5 

3 

S. W. 

. . . 1000 

Intragastric 

7 

9 

4 

5 

P. 0. 

. . . 1000 

Intragastric 

11 

10 

8 

8 

C. E. 

. . . 1400 

Intragastric 

13 

10 

11 

11 

F. F. 

. . . 2000 

Intragastric 

12 

10 

14 

12 


The subjects used in this phase of the stud^' were on a meat-free, 
green vegetable-free diet at the time they were given the blood and 
had shovTi preliminary negative tests for occult blood in the stools. 

Summary. A tarry stool may result from the ingestion of 100 cc. 
or more of citrated human blood. Following the intragastric ad- 
ministration of 1000 to 2000 cc. of citrated human blood, gross blood 
may appear in the stools and tarry stools may continue for 5 days 
and may number as many as 8. Positive chemical tests for occult 
blood in the stools may persist for as long as 10 days after ingestion 
of 250 cc. of citrated human blood or for 12 days after intragastric 
administration of 2000 cc. 

Conclusions. The passage of a tarry stool does not necessarily 
indicate the occurrence of a severe hemorrhage into the digestive 
tract. The persistence of tarry stools or occult blood in the stools 
does not necessarily indicate the continuation of such hemorrhage. 

We msh to expres? our thanks to Dr. Pan! lloxworth. Director of the Red Cro-s 
Transfusion Pen-ice. for his cooperation in this study. 
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CALCIUM BILE. 

A Clinical and Pathological Stxtoy. 

By Marsh McCall, M.D., 

CUNICAL INSTnUCTOn IN MEDICINE, CORNELL ENIVERSITY JIEDICAL COLEEGE, 
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AND 

Allan Tuggle, M.D., 

RADIOLOGIST, CHARLOTTE MEMORIAL HOSPITAL, 

CHARLOTTE, N. C. 

(From tho Departments of Medicine and Radiology, The New York Hospital and 
Cornell University Medical College, and the Charlotte Memorial Hospital.) 

Less than a half dozen clinical reports hat^e appeared in the 
American and foreign literature in regard to calcium bile. The 
earliest report of white bile was made by Churchman^ in 1911, who 
reported that an analysis of the gall bladder contents revealed 
calcium salts. Volkmann^^ in 1926 was the first observer to use the 
term “milk of calcium.” In 1931, Phemister^ and his coworkers 
made an analysis of 7 patients with calcium carbonate gall stones, 
5 of whom were subjected to operation. This was followed in 1933 
by Knutsson’s® group of 12 patients showing calcium carbonate 
deposits in the gall bladder. Kornblum and HalP in 1935 out- 
lined the roentgenologic findings in a series of 5 patients seen at the 
Hospital of the University of Pennsylvania. 

We have been able to survey the gall bladder material seen in 
the New York Hospital during the past S years which, subsequently, 
proved to be calcium bile at operation and was confirmed by study 
of the surgical specimen. During this period we have found 
15 patients who fulfilled our criteria, and the specimens from whom 
were examined in the pathologic laboratory.* 

It has been interesting to scrutinize these patients from the 
standpoint of sex distribution, duration of symptoms, icteric index, 
biliary study, roentgenologic findings, pathologic summation and 
follow-up study after 1 year. Table 1 gives a brief summary of 
these data. 

It is readily observed tliat tlie age and sex distribution is not 
unlike that found in the usual gall bladder study. All of our 
patients complained either of riglit upper quadrant or epigastric 
distress with excessive gas. There was not a single instance of 
jaundice noted in the clinical histories, nor was there any evidence 
of clinical jaundice as shown by the icteric index studies. Biliary 
drainage was performed in 10 of the patients, and in none of these 
trials was a B-fraction obtained. A history of typhoid fever was 
not elicited in a single instance. Bile culturk taken after operation 
were negative in 8 patients, and not carried out in the others. 

* Wo arc imlcbtod to Dr, X. Cliandlcr Foot for the use of his histolojnc material. 
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Onlj^ 1 of our patients was acutely ill at the time of hospitalization. 
At operation the cystic duct was found occluded, constricted, or 
surrounded by indurated tissue in ever^^ patient. Tlie mucosa mts 
absent in 4 specimens (Fig, 1) and evidence of chronic cholecystitis 
was seen in all microscopic sections (Figs. 1 and 2). In this series 
of patients, we could not demonstrate hypertrophy of the miiscu- 
laris as described by Knutsson.^ The calcium carbonate paste mts 
occasionally stained with bile pigment. In 1 instance, the paste 
was described as black and in 5 others the material was chalky white. 
Chemical examination carried out in 1 instance showed 76.9% cal- 
cium carbonate.* 

Table 1.— Resume of the Clinical and Pathologic Study. 


Dura- 


Case 



tion 

Icteric 



Follow-np 

No. 

Age. 

Sex. 

(yrs.). 

index. 

B. bile. 

Lesions found. 

(1 yr.). 

1 

54 

F 

3 

8 

None 

Stone in cystic duct 

Chr. cbolecj'stitis 

AA'cll 

2 

48 

F 

4 

6 

None 

Cystic duct small 

Chr. cholecystitis 

Well 

3 

SO 

jAI 

4 

10 

Unknown 

Stone in cystic duct 
Mucosa absent 

Well 

4 

51 

M 

3 

12 

UnknowTi 

Cystic duct constricted 
Mucosa absent 

AA'ell 

5 

33 

JI 

2 

5 

None 

Cystic duct small 

Chr. cholecystitis 

AA'ell 

6 

50 

F 

S 

0.8 

None 

Stone in cystic duct 
I^Iucosa absent 

AA'ell 

7 

58 

F 

3 

7 

None 

Cystic duct small 
iSIucosa absent 

AA'ell 

8 

20 

F 

1 

UnknoK-n 

None 

Calcium injected in wall 

AA'ell 

g 

41 

Fi 

2 

6 

Unknown 

Stone in cystic duct 

Chr. cholecj’stitis 

AA'ell 

10 

45 

F 

3 

7.5 

None 

Cystic duct small 
Strawberry gall bladder 

Duodonnl 

ulcer 

11 

40 

F 

3 

Unknown 

None 

Cystic duct surrounded 
by indurated tissue 
Chr. cholecystitis 

AA’ell 

12 

40 

F 

1 

0 

Unknown 

Stone in cystic duct 

Chr. cholecystitis 

AA’ell 

13 

35 

F 

1 

5 

UnknowTi 

Stone in cystic duct ^ 
Subacute cholecystitis 

Well 

14 

31 

F 

5 

5 

None 

Stone in cystic duct 

Chr. cholecystitis 

AA’ell 

15 

44 

F 

2 

0 

None 

Stone in cystic duct 

Chr. cholecystitis 

AA’ell • 


It goes Avithout saying that a single chemical e-xamination of 
1 specimen fails to prove that all the specimens contained calcium 
carbonate. As Ave proposed this investigation to be a clinical one, 
AA-e did hot deem it essential to carry out further chemical analyses. 
Furthermore, cA'ery patient A\-as independently diagnosed by the 
roentgenologist and, subsequently, by the pathologist. 

* TIic specimen wei^^hed 2.2915 and 3 days Jater 2-2755 showing a Io=s of 
IG inR. on standing due to evaporation (drying). The specimen was mixed nl)Oiit 
250 cc. of water and allowed to stand G7 hours, in the hope that all the calcium car- 
bonate would settle and that the nearly clear fluid might be decanted and filtered. 
The deposit weighed on drjdng, 1.7 gtii. An aliquot part of the liquid w.a.s treated 
with riCi, evaporated and tlien incinerated. The result indicated that 250 cr. 
yielded (or would liavc yicldetl) 200 mg. of ealciuni chloride, corrt'sponding to 190 me. 
of e-ilcium rarbf>nate (CaCOj). A part of the dried residue weighing 50f) ing. was 
(T)nverted into the chloride and incinerateri. The ash weighed 505 mg., correspond- 
ing to -159 mg. of ealcinm carbonate; hence the 1.7 gn». contained 1.50 gin. of cal- 
cium rarljonate. This adderl to the 190 mg. obtained from the decantefi liquid 
cqual< 1.75 gin. or TO.OTc of the original weight of the .specimen — 2.2755 grn. 
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A ])reopevative diagnosis of milk of calcium ])ile is strictly radio- 
graphic. If and wlien a scout film (Fig. 4) is' made, jthe diagnosis 
is relatively simple. Here we find a calcification in the upper right 
quadrant which is to be differentiated from other calcifications occa- 
sionally found on the fiat film, such as calcified nodes, cysts, stones. 



Fio. 1.— (No. 13S05?).) Gall bladder with no cellular exudate in submucosa. Only 
a few strands of muscle tissue remain. 
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Fio. -1. — (No. 13S!>.">0.) Sh.ifiow m due entirely to limj" bile t;ikrn l)eforc the dy 

inec^fod. 
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calcified gall bladder, or unilateral costal cartilage calcification. 
The limy bile shadow is quite homogeneous except when negative 
stones are present. The density varies, depending upon the calcium 
content, and the shadow may be barely perceptible or quite dense. 
If the caleium material is thin, the opaque shadow may change in 
shape from day to day_ but it will always be present. In case a 
preliminary scout film is not made, there is often difficulty in decid- 
ing whether the shadow seen is that of the dye-filled gall bladder 



Fig. 5. — Shadows of calcium density in the region of the cystic duct and in the fundus. 


or of calcium carbonate bile. The first suggestion that calcium bile 
may be present is noted when the gall bladder does not decrease in 
size following ingestion of a high fat meal. This in itself is not 
pathognomonic. IMany gall bladders are seen which have not 
changed their size on the postfatty meal film, but in this case a 
subsequent fijit film of the gall bladder should be taken. This is 
particularly true when either definite or questionable stone shadows 
are seen in the region of the cystic duct (Fig. 5). 
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The presence of calcium bile should be suspected when a visible 
gall bladder of calcium density is seen without cholecystography. 
This impression may be further fortified if the gall bladder is visible 
and an_ opaque stone is noted in the cystic duct. A gall bladder 
containing milk of calcium bile often shows no change before or 
after the fat meal. At 3 ^pical shadows unlike gall stones which are 
found in association with a non-visualized gall bladder during chole- 
cystography should be regarded with suspicion. The diagnosis of 
calcium bile is entertained when: 1, a visualized gall bladder is seen 
in roentgenograms without cholecj^stographj’^ or observed roent- 
genoscopicallj'- during a gastro-intestinal study; 2, no change in the 
appearance of the gall bladder is seen in the cholec^^stogram after a 
fatty meal; 3, there is a change in the shape of the visualized organ; 
4, gah bladder shadow persists after cholecj’^stographjq 5, a stone in 
the cj^stic duct is seen with a visualized gall bladder; 6, when 
shadows unlike gall stones are found in association with a non- 
visualized gall bladder during cholecj'stographjL 

Discussion. The formation of calcium bile and carbonate gall 
stones are probablj" closely related. Wilkie’- was able to reproduce 
calcium calculi in rabbits. He found that upon ligation of the 
cj^stic duct in tlie presence of cholecj’stitis that calcium stones were 
formed, i He concluded that the cj’stie duct must be occluded by 
some process before certain changes occur in tlie physiology of the 
gall bladder leading to subsequent mucosal effects in the duct and 
the wall of the organ. In due time, he concluded, there would be 
an increase in the excretion of calcium from tlie gall bladder. We 
believe that a chronic inflammatory'- process with partial-obstruction 
of the cy'stic duct is essential to calcium carbonate formation. 
'\^Tiether the calcium is derived from tlie gall bladder wall is an 
unsettled question, although Phemister® and his coworkers were 
able to demonstrate the presence of calcium only in the gall bladder 
side of stones found in the c.ystic duct. Schubb and Goodstone’” 
believe that calcium in the gall bladder is increased in the presence 
of inflammation alone. 

Lichtwitz® suggested that the character of the bile reaction influ- 
enced the formation of the deposits found in human bile. Naunyn''' 
advanced tlie view that a special biliary reaction may be necessary 
for carbonate deposition. Okada® noted the difference in reaction 
between gall bladder bile and liver bile in the dog, as did Xeilson 
and hley’er* for the rabbit, and these obsen-ations were largely’ con- 
firmed by Drury, McMaster, and Rous.” The latter state that 
normal liver bile is alkaline with an average pH of 8.2; but in tlie 
gall bladder, the secretion undergoes a change toward the acid side 
with a pH of 5.18 to fi. It would apjicar, therefore, that when a 
gall liladdcr has been damaged by any cause, it may be unable 
to alter the character or the pH of the bile coining from the liver. 
3’his change may play a role in the precipitation of calcium salts. 
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Therefore, no definite conclusion can be drawn as re^mrds tlie 
etiology of calcium bile. Its secretion from the wall of the gall 
bladder, as assumed by Phemister,® has not been proved by any 
experiment so far as we know. When the cystic duct is partially 
occluded by stone, or by infiaminatory induration, it is possible 
that the organ maj”- dei^elop abnormal physiologic functions. It is 
more likely, however, that the precipitation of calcium bile occurs 
subsequent to the reduction in the cholesterin and bile-salt content 
of the bile which, in turn, is secondary to the inflammatory changes 
seen in all of our specimens. It ivas Knutsson’s^ belief that the wall 
of the gall bladder was hypertrophied, due to obstruction in the 
duct, but we were unable to demonstrate such a change in our speci- 
mens. On the other hand, we do agree with his assumption that 
the calcium salt is precipitated from the bile itself when the outflow 
from the gall bladder is hampered by obstruction of the cystic duct. 
This phenomenon occurs only when certain mucous membrane 
changes have interfered with the absorptive and excretory functions 
of the organ. 

Summary. We have reported 15 patients with calcium bile demon- 
strated by scout films and corroborated by examination of the 
surgical specimens. The clinical facts have been outlined and the 
salient features n^oted in the histologic study have been discussed. 
Finally, various theories to explain this disturbance of calcium 
metabolism in the bile have been presented. 
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THE DIAGNOSIS, INCIDENCE, AND SIGNIFICANCE OF ' 
ESSENTIAL ACHLORHYDRIA, 

By Asher Winkelstein, jM.D., 

.\SSOCI.VTE IN- MEDICINE .\ND PHYSICIAN IN CIIAROE OF THE GASTRO-INTESTINAL CLINIC, 
THE MOL-NT SlN.Vt HOSPITAL; ASSOCI.YTE IN MEDICINE, POST-GRADU.YTE SCHOOL 
OF MEDICINE, COLUMBLA UNIVERSITY, .NEIV YORK, -V. Y. 

(From the Gastro-Intestinal Clinic of The Medical Department, The Mount Sinai 

Hospital.) 

Ix recent years, there has arisen a renewed interest in the subject 
of aclilorhydria. Tins is chiefly due to the demonstration liv 
L-astle and Ins coworkers of an “X” substance in gastric secretion 
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closely related to pernicious anemia. However, achlorhydria is not 
pnly of importance in pernicious anemia, but is also prominently 
involved in the following conditions: gastric carcinoma, clironic 
gastritis, gall bladder disease. Graves’ disease, tuberculosis, gastro- 
genous diarrhea and other gastrogenous intestinal disturbances; 
chronic arthritis, alcoholism, subacute combined sclerosis, anorexia 
nervosa, sprue, pellagra, gastric lues, Simmonds’ disease and achlor- 
hydric anemias. A complete discussion of the significance of these 
achlorhydrias would take us too far afield. Bloomfield and PolIand= 
have discussed the entire subject in a monograph to which the 
reader is referred. 

The terms “anacidity,” “achlorhydria” and “achylia gastrica” 
have been used loosely in the past. “ Anacidity ” should be dropped 
since practically every sample of gastric contents is on the acid 
side of pH 7. “Achylia gastrica,” a term introduced by IMax 
Einhorn, signifies an absence of gastric secretion. Since gastric 
secretion may contain free hydrochloric acid, pepsin, rennin, lipase, 
mucin, some diluting secretion, and the intrinsic “X” substance 
of Castle, it is doubtful if true achylia gastrica ever occurs. The 
term might properly be retained for absence of free acid and fer- 
ments, provided such a definition is gii’en specifically by each author. 

The word “achlorhydria” means the absence of free hydrochloric 
acid. The subject of achlorhydria is, even at the present time, in a 
very confused state. Precisely what is meant by achlorhydria is 
neither clear in the theoretical discussions nor in practical clinical 
medicine. Certain questions arise. How is the achlorhydria diag- 
nosed: by what t^qie of test meal, by what indicators? Do we 
mean bj" achlorh^'dria a failure to react to Toepfer’s solution, or to 
color Congo red paper blue? Do we mean a certain pH (3.5) or over? 
Are we interested in the achlorhydria that may occur in an individual’s 
stomach during the normal course of digestive events in his life 
(that is, during, after, and between his usual meals)? Are we con- 
cerned with transient, temporary achlorh.i'dria, or, are we consider- 
ing only permanent achlorhydria? In other words, is it the false 
or transient ones and even the relative subacidities that interest us, 
or, is it the absolute, true, complete, and permanent achlorhydrias? 
From these questions alone, the complexity of the problem is patent. 
Probably it will be necessary to restudy the old investigations and 
institute new ones in order to answer these questions. Perhaps all 
of them are of importance and require emphasis and analysis. 

From the heterogeneous group of these achlorhydrias we have 
seleeted one type for study, namely, the true or absolute achlor- 
hydrias. By a “true achlorhydria” we mean a pH of 3.5 or over, 
one that is complete, and more or less permanent; in other words, 
a state in which the stomach is incapable of secreting free hydro- 
chloric acid even under maximal stimulation. 

.-\t this point we will review briefly the work of other recent 
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investigators. We agree with these authors in their main, conten- 
tioji that true achlorhydria should and does occupy an important 
place in present-day clinical medicine. We differ from them in the 
normal incidence of this condition Avhen it is unassociated with 
ascertainable organic disease. Their high figures, we believe, are 
largely due to the inadequate methods used in investigating patients' 
with apparent achlorhydria. 

Certain writers (Zagal, Marks and ICantor®) using the Ewald test 
meal, without a fractional meal or a histamine test as a control, 
give the incidence of aclilorhydria as follows: In 7679 cases studied, 
564 (7.3%) had achlorhydria. The incidence increased from 2% 
to 5% in the first three decades of life to 16% to 22% in the sixth, 
seventli, and eighth decades. Using a modified Ewald test meal 
continued for 2 hours, a careful study of the achlorhydria cases was 
reported from the Mayo Clinic. In a study of 3746 records, Vanzant 
and collaborators® reported the incidence of 12% and the figures 
ranged from a 4% occurrence at the age of 20, up to 23% to 26% 
in the aged. This very high incidence may be due to a difference 
in the material or more probably to the method of study— -usually 
the Ewald test meal. As was stated in their article, “ unfortunately 
the control study with histamine was made in only a small per cent 
of the cases.” In the study of achlorltydrias reported by Bockus, 
Bank and Willard® their incidence was 5.7 % in a series of consecu- 
tive gastro-intestinal cases. However, if one removes from this 
group the cases which secreted free acid after histamine and also 
the cases with a recognized etiolog 5 q the incidence of true achlor- 
hydria of unknown etiology drops in their series to 2.2%. 

We are presenting our experience with this particular phase of 
the subject for the following reasons: 1, our cases have been studied 
repeatedly, 2, the method of study differs from those previously 
used ; 3, our results differ strikingly from those usually given in the 
literature; 4, using these methods of study, it is possible to isolate 
and describe with greater accuracy the separate group of “true 
achlorhydrias.” 

We will next discuss the methods of studying the stomach for 
the presence or absence of the acid secretion. The diagnosis of 
achlorhydria has successfully passed through the stages of the 
Ewald test meal, of repeated Ewald test meals, the Riegel test, the 
various types of the fractional test meal, the histamine test, the 
combined tests (urinary and gastric acidity studies) and the chromo- 
scopic procedure (neutral red). The ideal method of establishing 
the fact as to whether the stomach is capable of secreting free hydro- 
chloric acid under the usual daily conditions of living would be to 
leave an indwelling catheter in the stomach 24 hours daily and, 
using either constant suction or repeated aspirations, or, preferably! 
an indwelling H-ion electrode, test the gastric contents for free acid 
throughout the 24 hours of the day. We have already studied the 
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gastric gecretion throughout the 24 hours in some. patients with 
duodenal ulcer while on the Sippy treatment to ascertain the degree 
of neutralization throughout the day and night. Also, in a large 
series of cases, we approximated this ideal by doing a 3-hour oat- 
meal gruel fractional test meal during the day, plus a fractional 
Study of the gastric secretion throughout the night. These studies 
(reported elsewhere') are, of course, impractical for the investigation 
of ambulatory private and outpatient department patients. Also, 
they do not answer the question in which we are chiefly interested, 
as to whether the stomach is incapable of secreting free hydrochloric 
acid at any time under all conditions and especially under the influ- 
ence of the greatest stimulation to secretion. After v’orking with 
several methods, chiefly the oatmeal gruel and alcohol fractional test 
meals, the histamine test and the neutral red test, we arrived at a 
combined method which we believe is a satisfactory test for the 
ability of the stomach to secrete free hydrochloric acid. 

In evolving this test we have considered the present state of our 
knowledge of the physiologic mechanisms involved in gastric secre- 
tion (Babkin^). The normal human stomach is first stimulated to 
secrete over nervous pathways. Tlie thought, sight, taste, smell 
and odor of food acts as a stimulus to the fundus glands through 
the vagus nerve and accounts for a considerable amount of the 
gastric secretion. Following this initial stage (or even without it) 
certain secretagogues and food substances (split and unsplit) act in 
and through the antrum to produce some substance (probably a 
hormone) which after absorption act without nervous intervention 
through the blood stream on the fundus glands and account for the 
prolonged gastric secretion which is necessary to complete gastric 
digestion. While the upper small intestine is chiefly the site of 
inhibitorj’ stimuli, a certain amount of gastrie secretion is produced 
(also chemically) through intestinal stimuli. As a result of these 
considerations it is necessary to have a test which will stimulate 
the psychic and chemical phases maximally. For various reasons 
oatmeal gruel was chosen as the test meal. It is considered an 
efficient stimulus to the nervous phase of gastric secretion and in 
itself neither neutralizes nor absorbs free acid nor does it stimulate 
mucin excessively. Also, it has been used so widely by numerous 
workers that it affords a better basis of comparison than other test 
meals. 

Histamine was employed simultaneously. This is a powerful 
direct chemical stimulant of the acid-secreting parietal cells. Since 
we had confirmed the original work of Glaessner with neutral rcfl. 
we included this test. In a previous study® we had found that 
wlien neutral red is injected intramuscularly it will not appear in 
the gastric contents within 2 hours if the stomach cannot secrete 
free acid. This dye is a specific indicator of the ability of the 
parietal cell to secrete acid. Thus, by combining the three tests, 
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food, histamine, and neutral red, we subject the acid cells to a good 
food stimulus, to a powerful chemical incitant, and to what seems 
to be an excellent indicator of cell function. While still not entirely 
ideal from the theoretical point of view, this type of combined test 
for gastric secretory function seems to be the most complete and 
intensive method of study used to date. The details of the com-' 
bined test will now be described. 

Method. The patient presents liimself in the morning in a fasting state. 
The thin Relifuss or Lewn tube is passed and the fasting contents aspi- 
rated. Histamine (Imido-Roche) (0.5 mg.) is injected subcutaneously and, 
at the same time, 40 mg. of neutral red dissolved in 1 to 2 cc. of sterile 
distilled water is injected intramuscularly. The patient then drinks 150 cc. 
of strained oatmeal gruel. A sample is aspirated every 15 minutes for 
2 hours in the outpatient department and for 3 hours in the wards of the 
hospital. The samples are tested for free hydrochloric acid with Congo red 
paper and for free and total acidity with Toepfer’s solution and phenolphtha- 
lein as indicators. If free acid is absent with Toepfer’s solution, the pH is 
3.5 or higher. Each sample is inspected for the presence of neutral red. This 
appears as a watery pink to a red color. Rarely in the late aspirations, 
bile, stained reddish-brown by the d 5 ’'e, regurgitates into the stomach. 
This can be readil}’’ recognized by the experienced e 3 ’^e and possiblj'- vitiates 
the test somewhat, so that it is better in such instances to repeat the 
procedure. If no free .acid is present, each sample may be acidified to 
liring out the dj^e. If the dj'-e appears and free acid does not (and this is a 
very important point) it signifies in our experience, that the stomach is 
capable of secreting free acid, that the achlorhydria is a temporary or false 
one (inhibition, insufficient stimulation, or, neutralization of the free acid) 
and that further tests are indicated. Under such conditions it has been 
our custom to repeat the test meal with certain modifications. The hista- 
mine, provided the reaction to 0.5 mg. was slight, ma}’- be increased to 1 rag. 
The patient is given one-half of an orange to chew and directed to expecto- 
rate all the pulp and juice, i. e., a powerful ps^rahic stimulus, and finalty 
warm bouillon or 5% alcohol (75 cc.) is added to the oatmeal gruel meal. 
The last provide a very strong chemical stimulus. If such a meal fails to 
reveal free hydrochloric acid, the large Ewald tube maj'- be passed unex- 
pectedlj’- 1 or 2 hours after the patient has eaten his usual meal (breakfast 
or dinner) at home or on the ward. In this way we have found (see below) 
that when neutral red appears within the period of the 2-hour test meal, 
that the stomach is capable of secreting free acid and that we are not deal- 
ing with a true achlorhj’-dria. H^e have concluded as a result of these 
studies that histamine alone is not sufficient to establish the diagnosis of 
true achlorh 3 'dria. 

Material. A routine Rehfuss fractional test meal (150 cc. strained oat- 
meal gruel with jiour aspirations for 2 hours) was carried out in 5585 con- 
secutive patients in the Gastro-Intestinal Clinic at the Mount Sinai Hospi- 
tal. Whenever a 2-hour achlorhydria was encountered the combined test 
described above was instituted. 

Results. In 5585 consecutive cases we encountered 117 cases of 
true achlorh 3 'dria (2.2%). If the cases of pernicious anemia, gas- 
tric carcinoma, partial gastrectomy, gastric syphilis, chronic gall 
bladder disease, and Graves' disease, comprising in all 46 examples 
of diseases usually associated with aclilorhydria, are excluded, 
09 instances of true achlorhydria of undetermined etiologv are left! 
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This is an incidence of 1.2% in 5585 consecutive test meals obtained 
from a group _ of miscellaneous patients attending the Gastro- 
intestinal Clinic. In these 69 true achlorhydrias a trace of pepsin 
was found in all but 2 cases. Complete biood studies are not at 
hand in all of these cases. Of 11 who were studied hematologically, 
'8 had a hemoglobin between 85% and 100% and a red cell count 
of 4§ to 5 millions. Two patients had a mild secondary anemia 
and 1 had a severe microcytic secondarj" anemia (45% hemo- 
globin and 2| million red blood cells). 

The distribution in the sexes and in the different age levels of our 
cases of true achlorhydria unassociated with definite organic dis- 
eases is given in Table I. It is interesting to note that the incidence 
in males is greater. In view of the fact that an analysis of the total 

Table 1 . — Analysis of the Cases of Tbue Achlohhi'dhia of Undetebjiineb 

Etiology. 


Age. Male. Female. Cases. 

0-20 1 1 2 

20-30 2 5 7 

30-40 5 6 11 

40-50 15 0 21 

50-60 9 5 14 

60-70 10 4 14 

Total 42 27 60 


number of male and female cases studied was not njade, the statis- 
tical significance of this sex difference cannot be established. The 
fourth, fifth and sixth decades show nearly double the number of 
cases in the first three decades. The extremely small incidence of 
true achlorhydria of unknown etiology in our series is indeed striking. 
It is our impression from prolonged observation of some of these 
cases, that despite intensive therapy, the free acid rarely returns. 

We were dissatisfied with the methods and studies reported when 
we found in our studies that when neutral red is e.xcreted into the 
stomach after intramuscular injection, irrespective of whether free 
acid appears in that test or not, the stomach is Capable of secreting 
free acid and with some modification of the test meal will do so sooner 
or later. That our ideas in this resjicct were correct was proved by 
our experience in 15 cases where histamine (4 to 1 mg.) plus neutral 
red plus oatmeal gruel was used as a combined test and neutral red 
appeared without the presence of free hydrochloric acid. In each 
instance, at a subsequent test of one type or another, free hydro- 
chloric acid was demonstrated. This is a striking point and po.'- 
sibly invalidates conclusions Avhich have been drawn from “hista- 
mine achylias." Apparently, neutral red is a more delicate indi- 
cator of the functional activity of the gastric secretory cells than 
histamine. 

Comment. It is aiqiarent. if one excludes the diseases as.^ociatcfi 
with true achlorhydria, that this affection of the stomach is indecil 
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a rare one. The obvious deduction is that_ vdien a physician 
encounters a patient with a true achlorhydria, it is often associated 
with a definite disease and it is, therefore, imperati^^e that he search 
intensively for one of the usual underlying causes or conditions. 
Whether the patients who do not reveal an associated disease will 
develop one of these diseases, particularly one of the anemias or 
carcinoma, as Hurst suggests, depends on a survey of the entire 
situation. We watch particularly for the onset of pernicious anemia, 
gastric carcinoma, and gastritis. A history of pernicious anemia or 
unexplained secondary anemia in other members of the family, 
familial achlorhydrias, burning sensation in the tongue or ob- 
jective glossitis, dysphagia, pare.sthesise, lemon-yellow color, sub- 
icterus, diarrheas, pallor, weakness, or evidence of spinal cord 
involvement, should suggest the possibility of pernicious anemia, 
present or impending. Loss of strength, anorexia, aversion for 
certain foods, loss of weight, nausea, constipation and anemia 
should evoke at once the thought of carcinoma. A mild, chronic 
gastritis without anemia or carcinoma gives, as a rule, no or only 
mild symptoms. However, epigastric pain, fullness and pressure 
immediately on and after eating; morning nausea, heartburn, 
belching; constipation or diarrhea or an alternation of these symp- 
toms; vague diffuse abdominal pain; flatulence and cramps may fol- 
loAv or be reflected from a diffuse inflammation of the gastric mucosa. 
It seems therefore advisable to watch the stomach of these patients 
for the changes which give evidence of inflammation, namelj’’, an 
increase in mucus, hjTpertrophy of the rug® in the radiographic 
examination and certain gastroscopic changes (chiefly atrophy and 
hypertrophy). It is probable that the near future will reveal an 
improvement in the diagnosis of chi'onic gastritis because of increas- 
ing skill in gastroscopic methods. Schindler, Moutier, Jackson and 
others have reported characteristic gastroscopic pictures in chronic 
gastritis. 

It seemed of interest and importance to gastroscope the stomachs 
of some ])atients with true achlorhydria of undetermined etiology. 
Fourteen patients were selected for study.* Summarizing the table, 
9 of the patients (64%) showed a diffuse atrophic gastritis; 4 showed 
a hypertrophic gastritis; in 2 of these the lesions were diffuse and 
in 2 were located in the antrum; in 1 there was a mixed hypertrophic 
and atrophic gastritis diffusely located. It is apparent that a 
severe gastritis was present in all of these true achlorhydrias; none 
was normal. It is of interest that in two-thirds of the cases there 
was a diffuse atrophic gastritis. A priori, one would e.xpect this 
type of gastritis to be associated with true achlorhydria, '\^^lether 
it is associated with the development of carcinoma' as suggested by 
Schindler and Hurst will only be answered by careful future studies. 

* 1 am indebtod to Drs. Rudolph Kramer and Henry Lerncr for the data obtained 
III these e.vaminat ions (see Table S). ooiamia 
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This brief study also suggests but, of course, does not prove, that 
the advanced gastritis noted in most of the patients probably pre- 
ceded and caused the true achlorhydria. 

Table 2.— Gastroscopic Findikgs in True Achlobhybru. 


Type of gastritis. Location of gastritis. 


Case. 

Atrophic. 

Hyper- 

trophic. 

ML^ed. 

-■intrum. Fundus. 

Diffuse. 

1 . 


+ 




2 

+ 




-L 

1 

3 . 

-1- 




+ 

4 . 

5 . 



ri- 

4 - 


+ + 


6 . 
7 . 


+ 

• ri- 


+ 

S . 





+ 

9 . 






+ 

10 . 

-t" 




+ 

11 . 

-1- 




+ 

12 . 

+ 




+ 

13 . 

+ 




+ 

14 . 

+ 




+ 


Hurst has suggested a prophylaxis of the chronic gastritis asso- 
ciated with the achlorhydric state. In general, from his observa- 
tions, it would seem advisable in public health work, to advise 
people from 35 years upward, with or without symptoms, to have 
a test meal and Roentgen examination and possibly a gastroscopy 
every 6 to 12 months. Should an achlorhydria or other evidence 
of gastritis be at hand, one should institute prophylactic and thera- 
peutic measures. For e.xample, diet, gastric lavage (autolavage or 
by the physician), liver and iron. After some improvement the 
administration of hydrochloric acid and pepsin may be indicated. 
While not a cure-all or a perfect prophylaxis, some such plan, 
Hurst thinks, would possibly, 1, give us earlier diagnoses of perni- 
cious anemia, achlorhydric anemia, gastric carcinoma, chronic 
gastritis, chronic gall bladder disease. Graves’ disease; 2, help to 
prevent in some measure such anemias as mentioned; 3, cure or 
retard chronic gastritis and thus, 4, perhaps by decreasing both the 
atrophic and the h;\'perplastie reparative phase of the inflammation, 
Ic.ssen somewhat the incidence of gastric carcinoma. 

Finally, a few words should be added concerning the etiology of 
the true achlorhydrias. HursF feels that all human stomachs arc 
subject to chronic irritants (dietetic, infectious, traumatic, alcohol, 
tobacco, and so on) and that S0% endure these insults very well. 
Ten per cent , he believes, will get a “ hyperchlorhydricgastritis ” which 
leads to the ulcer disease, .\nother 10% "'>11 develop the subacid 
or achlorhydric gastritis which may lead to the anemias or to the 
malignant .state. Why the.se endogenous and exogenous irritants 
should cause in some patients secretory hyi)erfunction aiul in otliers 
hypofnnetion is not clear. .Apparently we must fall back with 
liurst on the “constitution” idea. While interesting and stimulat- 
ing, these suggestions require careful study. One demands furtln r 
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evidence in order to accept this attractive hypothesis. Recently 
we observed a small group of patients with gastric ulcer with free 
acid who later developed achIorh 3 '^dria. This would seern to indi- 
cate a progressive gastritis. In other words, the gastritis accom- 
panying ulcer maj'^ also lead to the hj'pochlorhj^dric state. 

Faber^ in a recent monograph on gastritis reiteratp his belief 
that achlorhydria is due to gastritis. Pie disagrees with Hurst in 
that he explains the hypochlorliydric and hyperchlorhydric states 
on the basis of a difference in the type, degree, and localization of 
the gastritis rather than on a constitutional basis. 

We are inclined to agree with these authors that gastritis is the 
chief cause of achlorhydria and that, henceforth, the inflammatory 
states of the stomach should engage our attention closely. There 
may be many varied causes for the gastritis. In addition to those 
suggested bj'- Hurst, it seems probable that certain functional states 
(p.ylorospasm, retention, atonjL h.ypertonic states, mjmspasm, vaso- 
spasm, acid-pepsin irritation), and toxic-infectious factors (chiefl^^ 
from the nose, throat and teeth) ma.y play a ver^’- important role 
in the genesis of gastritis. We are at present conducting an investi- 
gation of the occurrence and diagnosis of gastritis under these 
various conditions. 

Summary and Conclusions. 1. The terms “anacidity” and 
“aclndia gastrica” should be dropped and “false” or “true” 
achlorhydria be adopted. By “true” i,s meant one that is com- 
plete, more or less permanent and with a pH of 3.5 or over. 

2. The Ewald and Riegel test meals, the oatmeal gruel fractional 
test meal, or the histamine test alone, are insufficient to establish 
the diagnosis of a true achlorhj’^dria. 

3. A combination test including oatmeal gruel, histamine, and 
neutral red seems more efficient in the diagnosis of true achlorhj^dria. 

4. Using this procedure, we have found that the incidence of 
true achlorh.ydria unassociated ivith the organic diseases usuall.y 
accompanying true achlorhydria is verv low (1.2%), i. e., true 
achlorhydria of undetermined etiology is rare in individuals, \'oung 
or old. 

5. Inasmuch as true achlorh,ydria is often associated ivith definite 
organic diseases, its presence should lead the examiner to a thorough 
search for these diseases. 

6. In the absence of such diseases certain prophylactic measures 
against the gastritis probably causing the achlorhvdria should be 
instituted in an attempt to prevent the subsequent development 
of these diseases. 

7. It is possible that the incidence of pernicious anemia, some of 
the secondary microcvtic anemias, various intestinal disturbances, 
chronic gall bladder and liver disease, i-arious allergic phenomena', 
and, above all, gastric carcinoma, may be lessened bv tlie proper 
study, recognition, and prevention of the gastric niflammatory 
state.s which lead to subacidity and the achlorln-drias. 
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8. Final!}', the possible etiologic factors ini'olved in the gastritis 
associated with achlorhydria are briefly reviewed and discussed. 
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IMMEDIATE FEEDING VERSUS INITIAL STARVATION IN THE 
TREATMENT OF BLEEDING PEPTIC ULCER. 

By j. P. Eichhorn, M.D., 

assistant resident physician, department op internal medicine, CLEVEL-\ND 
CITY hospital, CLEVELAND, OHIO. 

(From the Department of Medicine of Cleveland Cit 3 ’ Hospital and the Western 
Reserve University School of Medicine.) 

The purpose of this paper is to compare the results of initial 
starvation followed by a progressive Sippy diet with the Meulen- 
gracht regimen in tlie treatment of 81 patients with bleeding peptic 
ulcers admitted to this hospital from January 1, 1936, to April 15, 
1941, inclusive. 

In the majority of these cases, the diagnosis was substantiated by 
Roentgen-ray, subsequent operation, or autops}'. In only 17 of 
the 81 cases was the diagnosis a clinical one. No cases were included 
in which the red blood cell count was not below 4 million. Tliose 
cases with concomitant perforation of a peptic ulcer were e.\'cluded. 
Also not included are 6 patients from the Sippy series and 3 patients 
from the iMeulengracht group who were treated b}- earl}' surgical 
intervention when they appeared to fail to respond to medical 
management. One patient died from generalized peritonitis and 
the others recovered. 

Of tlie 43 patients treated by initial starvation, 37 were males 
and 26 of the 38 patients who were fed immediately were males. 
Although males predominate in the former group, there is no refer- 
ence in tlie literature to any difference in prognosis between the two 
se.xes. The average age of the patients treated by the Sippy regi- 
men was 44 years and that of the group treated by Meiilengraelit’s 
method was 46 years. Since the mortality rate rise.s with increasing 
age in this disease, the advantage liere, thougli slight, lies with the 
group treated by the Sippy routine. There were 13 gastric ulcer.-;, 
21 duodenal ulcers, and 9 of undeterniined location in the jiatieiits 
treated by initial starvation. In the group treated by irrirnediate 
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feeding the lesions were distributed as follows: gastric, 12; duodenal, 
15; marginal, 4; and undetermined location, 8. 

Methods, In this hospital, until July of 1939, patients with bleeding peptic 
ulcers were starved for an initial period averaging 3 days (range 1 to G days). 
They were then started on progressive Sippy diets, often having their food 
intake further restricted by being kept on the first day Sippy diet for several 
days. They were given aluminum hydroxide in widely varying dosage. 
Most of the patients received iron toward the end of their hospital stay. 
Patients often were given sedatives liberally. 



HOSPITAL DATS 


Chart 1.— Average daily erj'throcytc count of the patients treated by initial 
■starvation (solid line, O.S.) compared with those treated by Mcuicngracht’s method 
(broken line, N.S.). 


In 1932, ]\Ieulengracht;“'^ of Copenhagen first advocated the S 3 ’^stem of 
treatment which bears his name. Meulengracht, who has never referred 
a bleeding patient for surgery, believed it to be fundamentally wrong to 
tythhold food and drink from patients in a condition of posthemorrhagic 
shock. He stated as his reasons for advocating the feeding of these patients 
finst, that patients often die in spite of rigid diet or the complete witlidrawai 
or lood; second, that patients have been obsen-ed to stop bleeding and 
recover from their anemia although they remain ambuIatorA* and do not 
seek treatment; and lastly, that a diet deficient in \'itamins and calories does 
not promote either the healing of ulcers or the regeneration of blood In 
ana %v.ing the results of ca-«es treated by the old method he found that mo.«t 
of them died alwiit the eighth day, which was e.\-actlv the average number 
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of hospital daj^s of the fatal cases in this series. He postulated that many 
of these patients died from sheer exhaustion. He also pointed out that 
patients ■were more comfortable and that the nurshig care ivas easier and the 
hospital stay .shortened when the patients were fed. Other authorities have 
advanced further reasons for the use of liberal feeding. Lanphere,' in par- 
ticular, emphasized that a high carbohj-^drate and protein intake tends to 
protect the liver and to prevent acidosis. Others have suggested that free 
acid in an empty stomach delays the healing of ulcers. 

Of Meulengracht’s own series of 491 consecutive patients treated by 
feeding, only 10 died— 1 from perforation of his ulcer, 4 before they could 
be fed, and 5 from recurrent hemorrhage, giAung a corrected mortality of 1 %. 

Since July, 1939, all patients with bleeding ulcers have been treated with 
frequent nutritious feedings from the time of admission. Patients who 
vomit food or blood are refed. The foods are selected bj’^ the dietetic staff 
from a large assortment of vegetables and fruits, all cooked and strained, 
and each patient is given 100 cc. of orange juice dail 3 ’- for the vitamin C 
content. Cereals, crackers, wafers, and toasted bread are all allowed and 
eggs are used freely; prepared in any way except by frying. Meat or fish, 
which is baked, boiled, or broiled, is given daily from the beginning. The 
patients are given cream soups, anj"- beverage except coffee, and such des- 
serts as custards, puddings, jello, or ice cream. In addition to their diet 
these patients received 0.7 gm. of ferrous sulphate 3 times a daj"^ and 9 4-cc. 
doses of aluminum hj'-droxide in 24 hours. Patients are required to take 
3000 cc. of fluid dailjL Blood transfusions are given freely when the erjdh- 
rocytes are under 2 million, when there is eiddence of shock, or when the 
blood urea nitrogen is elevated. Of this group of patients, 23 received an 
average of 865 cc. of blood. Among the suridving patients treated by initial 
starvation, 21 were given an average of 790 cc. of blood. 

Results. Among the 43 patients treated by initial starvation, 
8 died, a mortality rate of 19%. In the second series of 38 patients, 
treated by immediate feeding, there were no deaths. The graph 
represents the average daily gain in red blood cells of the two groups 
of cases, excluding the fatal cases. It will be noted that the patients 
who were fed at once regenerated blood more rapidly than the sur- 
vivors among the starved ones. The average period of hospitaliza- 
tion of the earlier series was 29 days, as compared to 2d days for 
the later series. Three patients had hematemeses during the starva- 
tion period and more than 24 hours after admission. None of the 
patients who were fed on admission vomited blood more than 
24 hours after treatment was started. 

Conclusion. In a series of 81 patients with bleeding peptic ulcers, 
43 were deprived of food and 38 were fed immediately. Comparison 
of the results in the two series indicates that immediate liberal feed- 
ing results in, first, a greatly lowered mortality rate, second, more 
comfort for the patient, and, finally, a shorter ho.spital stay. 
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An X-Ray Atlas of Silicosis. Arthur J. Amor, AI.D. (Lond.), 
M.Sc. (Wales), Honorary Physician, Clydach Memorial Hospital ; 
Medical Officer, Mond Nickel Company, Ltd., Swansee. With Trans- 
lation of the Legends into French by Robert E. Horne, M.A. (Wales), 
Medical Secretary, Mond Nickel Company, Ltd., Swansee. With a 
Foreword by Sir Wilson Jameson, M.A., M.D. (Aberdeen), F.R.C.P., 
of the Middle Temple, Barrister-at-Law; Dean of the London School of 
Hygiene and Tropical Medicine. Pp. 206; 6 text illustrations and 72 
plates. Baltimore: The Williams & Wilkins Company, 1941. Price, 
S8.00. 

This Atlas of Silicosis was mitten to describe the essential^ radiologic 
features of silicosis for senior medical students, industrial physicians, and 
those dealing with this type of disease. 

The author has commented briefly upon etiologj’-, pathology, Roentgen 
manifestations; and clinical findings in silicosis and some of the nonspecific 
pneumoconioses. He does' not attempt to go into detail concerning many 
of the aspects of this subject. He has, however, given enough in the first 
four chapters, which are 30 pages in length, to stimulate one to look else- 
where iL interested in this subject. Believing that the average phj’-sician 
is not familiar with the Roentgen findings in a number of these conditions, 
he has devoted the major portion of his book to illustrating representative 
chest films with a brief history in both English and French. 

The publishers have selected a verj' good print for this book, but the 
paper is so glossy that it is exceedingly difficult to read unless light is just 
right. In selecting a calendar of paper for the illustrations of the roentgeno- 
grams of the chest, however, thej’- have done an excellent job. I do not 
know of any more difficult condition to illustrate than the Roentgen findings 
in silicosis, and yet in this case the author’s attempts have been successful. 

E. P. 

Epilepsy and Cerebral Localization. A Study of the Mechanism, 
Treatment and Prevention of Epileptic Seizures. By Wilder Penfield, 
Litt.B., M.D. (Johns Hopkins), D.Sc. (Oxon., Princeton); Professor of 
Neurologj’ and Neurosurgerj’-, McGill University; Director of the Mon- 
treal Neurological Institute, and Theodore C. Erickson, M.A., M.Sc., 
M.p. (Minnesota), Ph.D. (McGill), Associate Professor of Surgerj', 
UnRersity of Wisconsin. Chap. XIV, bj* Herbert H. Jasper; Chap. 
XX, by ]\I. R. ILvrroator-Erickson. Pp. 623; 163 illustrations. 
SpringBeld, 111.: Charles C Thomas, 1941. Price, S8.00. 

The leading contributor of this A-olume is a widely known surgeon who 
has done original work in epilepsy. In this encyclopedic work, there is com- 
prehensive discussion of the entire subject concerning epilepsy. Epileptic 
mechanisms are given careful consideration. The chief surgicarcontribution 
is the objective treatment of atrophic cerebral lesions, Avherein the surgical 
ffichnique is minutely described. The cerebral cortex of conscious subjects 
IS observed and the epileptic pattern discharge described. RoentgenologA- 
considers the atrophic lesions of the brain and skull. A long chapter i's 
electroencephalography, where it is said to be, “(o) an aid to diacnosis of 
epilepsy and allied conditions, (6) a means of classification . . .T . (c) a 
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guide to medical or surgical therapy, (d) a means of obsendng subclinical 
.cerebral disorders, (e) an aid to discovery of cerebral disorders allied to 
those of epilepsj’^ in patients vdthout clinical epilepsy but with migraine, 
mental disease, _beha_\dor difBculties, etc., and, (/) an aid in estimating the 
role of heredity in epilepsy.” The most useful drugs, phenobarbital, dilantin 
and the bromides are given careful consideration. Among other subjects, 
epileptic psychology considers the important psychic seizures. The treat- 
ment of acute head injuries is well discussed, and vastly important, is the 
prevention of post-traumatic epilepsy. This volume is of consequence, more 
so than any we know of on this subject. As for the publishing, it is a 
triumph of art. N. Y. 


Pathology of the Oral Cavity. Bj' Lester Richard Cahn, D.D.S., 
Associate Professor of Dentistry (Oral Pathologj’’), Columbia University, 
etc. Pp. 240; 165 illustrations. Baltimore: The Williams & Wilkins 
Company, 1941. Price, S5.50. 

This is a text on the special pathologj’’ of a selected group of more or less 
common diseases of the mouth. It is chief!}’’ morphologic, while pathogenesis 
and etiology are sketchilj’ or slightlj’’ mentioned. Some diseases are ade- 
quately treated; others are presented in an unsatisfactorj’ fashion. For 
instance, dental caries is described in less than 4 pages, 2 of which are filled 
with 4 photomicrographs, while the comparatively rare odontomata and 
ameloblastomata have been given more than 13 pages, including 15 illus- 
trations. Though the text presents little that would make the book com- 
mendable to dentists or dental students, the Reviewer wishes to praise the 
illustrations, some of which are of superb qualitjL W. E. 


Diseases of the Blood and Atlas of Hematologj’. Witli Clinical and 
Hematologic Descriptions of the Blood Diseases Including a Section on 
Technic and Terminologj’. Bj' Roy R. Kracke, M.D., Professor of Bac- 
teriolog}’, Pathologj’ and Laboratorj’ Diagnosis, Emorj’ Universitj’ School 
of Medicine; Pathologist to the Emoi^’ Universitj’ Hospital, etc. Pp. 692; 
46 text illustrations and 54 color plates. Second Edition, thoroughly 
revised, reset and enlarged. Philadelphia: J. B. Lippincott Coinpanj’, 
1941. Price, S15.00. 

It is a health}’ sign for English-speaking hematologj’ that a book of this 
size and cost should require a second edition in 4 j’ears. As the first edition 
was not reviewed in these columns we now present for our readers a lengtliicr 
notice than is customarj’ for a second edition. 

The book is large because it covers both clinical and laboratorj’ jihase.s 
of a large and rapidlj' expanding subject. But it is cssentiallj’ practical, 
differing chief!}’ from Downej-'s “Sj’stem” in giving but little space to 
theoretical considerations. Even such hoarj’ but important controversies 
as that of the origin of blood cells are presented chief!}’ on a factual ba.sis, 
brieflj’ but concisel}’, as of practical importance to the clinical hematologist. 
Here, incidentally, the “trialist” theorj’ is offered not because it is the 
author’s ]wcference, but as that most wideh' accepted. This avoidance of 
all but the immediatch' “practical” produces, necc.ssarilj' jierhaps, such 
regrettable omissions as the valuable non-morphological data on blood 
cells that have been obtained bj' the stud}’ of living cells (the I>ewiscs, 
McCutcheou and Coinan, and others). 

To tlic contributors to the first edition (J. J. Clark, F. P. Parker, Elizabeth 
Gambrcll— all of Emorj’ University — and R. P. Custer— University^ of 
Pennsylvania) has now been added Lloyd Craver, of the Memorial Hospital 
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of Ne\\’ York. Tlie name of Hortensc Garver, co-author of the first edition, 
no longer appears on the title page. 

The book is divided into 8 sections : Hematologic Tenmnologj^ (40 pages) ; 
Development and Morphology of Blood Cells (60 pages) ; Leukocytosis and 
Leukojienia (49 pages) ; the Anemias (193 pages) ; the Leukemias (66 pages) ; 
Hemorrhagic Diseases (34 pages); Miscellaneous Conditions (121 pages); 
Hematologic Technic (81 pages). Thus, the arrangement is on a “prac- 
tical” basis rather than in a logical sequence, but well proportioned — the 
anemias and leukemias occupying more than half the book. 

In the first section the pages wisely devoted to terminologj^ permit -the 
student to start from a firm basis. Some novel terms are recommended, 
preceded by a table of term origins. Most of these (e. g., neutrocytosis, 
neutropenia, fragilocyte, crenocyte) are distinctly advantageous, to avoid 
more cumbersome though perhaps etymologically more correct terms. In 
other cases, as good usage never can be entirely consistent, the older term 
seems preferable. “Basocyte,” for instance, has no advantage over “baso- 
phil,” which not only has the recommendation of long usage, but also ex- 
presses the cell's qualities more accurately; the same with “neutrophil” 
and “eosino- (acido-)phil.” 

As far as the Reviewer has been able to determine, all the sections are 
uniformly good. A pathologist would naturally like more on pathologic 
anatomy as illuminating the disease processes, but this is hardly to be 
exjiected in view of the author’s expressed aims. 

The illustrations are good (on hea\^ coated paper) and well explained. 
Cell magnifications are not given, so that one has to rely on the general 
statement that they are mostly about 1200 diameters.^ Anyone desking 
but one volume on Hematology would do well to make this the one. 

E.K. 


Eye Hazards in Industry. Extent, Cause, and Means of Prevention. 
By Louis Resnick, Pp. 321; 33 illustrations. New York: Columbia 
University Press, 1941, for National Society for the Prevention of Blind- 
ness. Price, S3.50. 

'This is an excellent book for the la 3 man on the prevention of eye injuries 
in industry. It is written by a man who has obtained his information 
first-hand in factories and work shops where ocular injuries are frequent. 
It does not ]iretend to be a medical book describing ejm injuries, although 
tliere is a chapter giving in laj”^ terms the type of injuries and diseases met 
with._ This is jierhaps the weakest part of the book. 

It is to be recommended to all Social Service workers, hospital authorities, 
large industrial concerns, and insurance companies, and could be read 
with jirofit l\v ever.v foreman in a factorju F. A. 


The Proceedings of The Charak.a Clur. Volume X. “Post Multa 
\irtus Opere Laxare Solet.” Pp. 260; illustrated. Baltimore: The 
Williams & Wilkins Company, 1941, for 'The Charaka Club. Price, So.OO. 
In the same vein as in previous volumes, this Volume X presents selections 
from the cultural essays of its members during the past 4 j'ears. Various 
tastes are sen-cd. Some idea of the range covered mav be'had from such 

C( T?! _ T e - 1 1 . 



Damhcth Potters Lunds essays on Galen and Aulus Gellius. Sachs' 
Early 1 ears of the Charaka Club” gives a good picture of this interestirm 
organization. ' E K ° 
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Diseases op Women. By Harry Sturgeon Crossen, M.D., F.A.C.S., 
Professor Emeritus of Clinical G3'necologj’’, Wasliington University School 
of Medicine; Gynecologist to the Barnes, St. Louis Maternity and 
St. Luke’s Hospitals, etc., and Robert James Crossen, A.B., M.D., 
Assistant Professor of Clinical Gynecolog}’’ and Obstetrics, Washington 
University School of Medicine; Assistant Gjmecologist and Obstetrician 
to the Barnes and the St. Louis Maternity Hospitals, etc. Pp. 948; 
1127 illustrations, many in color. Ninth Edition, entirety revised and 
reset. St. Louis: The C. V. Mosby Company, 1941. Price, 812.50. 
The Ninth Edition of this classic text, “Diseases of Women'” had under- 
gone considerable reAusion to include the advances of this science in tlie 
6 j^ears wliich have elapsed since the last edition. There have been added 
145 illustrations, many in color. No details of operatNe g}mecology are 
gtyen in this book as thej'' are contained in the companion book on “ Opera- 
tive Gjmecologj"” bj’’ the same authors. 

Since the major irn'estigatiAm interest in g3mecologj' has shifted in recent 
3"ears to the physiologic aspect of the subject, it is but natural that a reiusion 
should take place, and much new material has been added to the discussion 
of hormones and endocrine actiidties. Tiniat is useful in these advances has 
been offered in such a way that the practicing physician ma3’^ emplo3’^ them 
in his daity ivork. The book will hold the same high mark in g3mecological 
literature attained by its predecessors. P. W. 


Sex Life in Babylonia. By Edbun W. Hirsch, M.D. (From the Urologic 

and Cutaneous Review, September, 1941.) Pp. 38. Chicago; Research 

Publications, 1941. 

This booklet contains matter, reprinted from the Urologic and Cutaneous 
Review (Sept., 1941), b3’’ the author of “The Power to Love” and “Feel 
Like Thirty at Fifty.” It purports to be the first of a series “to help the 
sexualty blind see clearly the issues of life” by studying the_ se.xmal life, 
customs and laivs of various peoples. It is imtten in an unscientific style 
that includes inaccuracies such as attributing the loss of the Bab3’lonian 
ciAulization to the Flood so graphicall3' described in the Bible. Attitudes 
toward sexual intercourse and demonic influences that ivere ivideapread 
among primitive and earl3' races are naivety offered as special qualities of 
the Bab3'lonians and quite unjustifiable inferences are made to show that 
the3' Avere aiA-are of S3'philis, for instance. The surprising opening state- 
ments that “more jieople die from fear than from an3' other single cause 
. . . the most deadty fonii is se.xuai fear” receive neither e.xplanation 

nor sujiport in the rest of the te.xt. E. K. 


Diseases of the Tha'roid Gland. Presenting the Experience of IMore 
tliaii Forty Years. B3' Arthur E. Hertzler, M.D., Surgeon to the 
Halstead ilosjntal; Prof&ssor of SurgerA' in the Unii'ersity of Kansas. 
Pp. 070; 354 illustrations and 2 coloretl plates. New York: Paul B. 
Ilocber, Inc., 1941. Price, 88.50. 

Throughout this book there is repeated again and again the following 
couA'icfion that tofal thAToidectom3’ should be done for all types of goiter.* 
ob.*crA'ed after adolescence; “. . . it .seemed logical to rcmoA'c totalty 

goitrous glands in adults, both plus and minus, and the indications, ba.*(*d 
on experience, are that both states are thus cliininateii; In other words 
inA’.xcdema, like hA’i)ertliAToidi.«m, L due to some deletcriou.* secretion and 
ndt to a cessation of a nonnal function as cornmonlA' bclicAxal.” -A.s an 
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example of the literary style, maj'- be cited the following: “It is first of all 
to be realized that the term myxedema is not synonymous with deficient 
thyroid secretion. This belief has been one of the sacred cows in medicine 
and any one who made merry with the old bossie did so at his peril, but the 
old critter has gone to the hamburger factorj’- for ignominious extinction.” 

The author intends this to be a personal record of his 40 years’ experience 
in thyroid surgerj'', and not as a treatise on thyroid disease. Even so, it 
does not impress the reader that the author has deep knowledge or unbiased 
good judgment when he does not discuss our present knowledge of iodine 
metabolism and ignores or ridicules nearly every one’s views except his 
own. There is no bibliography. Many statements on phj^siology and 
microscopic pathology are not sound. 

The text is not worthy of the very beautiful physical make-up of the 
book. I. Z. 

The March of Medicine. New York Academy of Medicine Lectures to 
the Laity, 1941. Pp. 154; 4 illustrations. New York: Columbia Uni- 
versity Press, 1941. Price, .S2.00. 

The Lectures to the Laity of the New York Academy of Medicine are 
filling a great need in this day when the laity devour with eagerness ever}”- 
scrap of information on medicine to which they have access. These lectures 
on very varied medical topics of great importance at the present time, are 
all delivered by recognized authorities on the subjects wliich they discuss. 
While dealing with the deepest scientific material the lecturers present it in 
a way which not only renders the subject readilj’’ comprehensible to a laj'- 
audience but excites deep interest in the hearers. F. P, 


NEW BOOKS. 

The Blood Bank and the Technique and Therapeutics of Transfusions. By 
Robert A. Kilduffe, A.B., A.M., M.D., F.A.S.C.P., Director, Labora- 
tories, Atlantic City Hospital; City Bacteriologist, Atlantic City; Serolo- 
gist, ]\Iunicipal Ho,spital for Contagious Disease, Atlantic Cit3’’, etc., and 
Michael De Bakey, B.S., M.D., M.S., F.A.C.S., Assistant Professor of 
, Surgerj’-, School of Medicine, Tulane University of Louisiana; Visiting 
Surgeon, Charity Hospital, Touro Infirmarj’’, and Mercj’’ Hospital, New 
Orleans, etc. Pp. 558; 214 illustrations. St. Louis; The C. V. Mosby 
Companj', 1942. Price, -87.50. 

A Primer on the Prevention of Deformity in Childhood. Bj’- Richard 
BB\'E nLY Raney, B.A., M.D., Associate in Orthopaedic Surgerj’", Duke 
University School of Medicine, Durham, N. C.; Attending Orthopaedic 
Surgeon, Watts Hospital, Durham, N. C. In Collaboration with Alfred 
Rives Sm\NDS, Jr., B.A., M.D., Medical Director, Alfred I. duPont 
Institute of The Nemours Foundation, Wilmington, Del.; Visiting Pro- 
fessor of Orthopaedic^ Surgerj-^, University of Pennsjdvania School of 
Medicine, Philadelphia. Pp, 188; SS ilfustrations by Jack Wilson. 
EljTia, Ohio; National Society for Crippled Children, Inc . 1941 
Price, 81.00. 


Psychosuryery. Intelligence, Emotion and Social Behavior Following Pre- 
frontal Lobotomj' for Ivlental Disorders. Bj’ Walter Freeman, M.D 
Ph.D., F.A.C.P., Professor of Neurologj-, George Washington Universitv’ 
and James W. W.vtts, B.S., M.D., F.A.C.S.. Associate Clinical Prb- 
fessw of Neurosurgeiy, George Washington Uni^•emitv, Washington 
D. C. \\ith special j)sj-chometric and per.'^onalitv profile studies bv 
riiELMA Hunt, yi.D., Ph.D., As.^ociatc Professor of PsvchologN- Georce 
Washington Lmvereitv, Washington, D. C. Pp. 337; 81 illustration^, 
^pnngfield, 111.: Charles C Thomas, 1942. Price, 86.00. 
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Neuroanatoniy. Fred A, Mettler, A.M., M.D., Ph.D., Professor of 
Anatomj^, University. of Georgia, School of Medicine, Augusta. Pp. 476; 
337 illustrations (30 in color). St. Louis: The C. V. Mosby Company, 
1942. Price, S7.50. 

The Medical Clinics of North America, Vol. 26, No. 1 (Chicago Number, 
Januar}^ 1942). Pp. 313; 45 illustrations. Philadelphia: W. B. Saun- 
ders Company, 1942. 

Clinical Roentgenology of Pregnancy. By William Snow, M.D., Director 
of Bndiologj'', Bronx Hospital; Roentgenologist-in-Charge, Harlem 
Hospital, New York City. Pp. 178; 119 illustrations. Sprin^eld, 111.: 
Charles C Thomas, 1942. Price, S4.50. 

Laboratory Diagnosis of Protozoan Diseases. By Charles Franklin 
Craig, M.D., M.A. (Hon.), F.A.C.S., F.A.C.P., Colonel, United States 
Army Medical Corps, Retired, D.S.M. ; Emeritus Professor of Tropical 
Medicine, Medical School, Tulane University, etc. Pp. 349; 54 illus- 
trations and 4 colored plates. Philadelphia: Lea & Febiger, 1942. 
Price, §4.50. 

Four Treatises of Theophrastus von Hohenheim Called Paracelsus. B}’^ C. 
Lilian Temkin, Gregory Zilboorg, George Rosen, Henry E. Sig- 
ERisT. Edited, witli a Preface by Henry E. Sigbrist. Translated from 
the original German, with Introductory Essaj's. Pp. 256; 1 illustration. 
Baltimore: The Johns Hopkins Press, 1941. Price, S3.00. 

Clinical Hematology. B 3 '- Maxwell M. Wintrobe, M.D., Ph.D., Associate 
in Medicine, Johns Hopkins University; Associate Phj'sician,^ Johns 
Hopkins Hospital; and Ph 3 'sician-in-Charge, Clinic for Nutritional, 
Castro-Intestinal and Hemopoietic Disorders, Baltimore. Pp. 792; 
167 illustrations and 7 colored plates. Philadelphia: Lea & Febiger, 
1942. Price, 810.00. 

Source Book of Medical History. Compiled with notes 63 - Logan Clen- 
dening, M.D., Professor of the Histor 3 ' of hledicine, Universit 3 ' ’ of 
Kansas. Pp. 685. New York: Paul B. Hoeber, Inc., 1942. Price, 810.00. 

NEW EDITIONS. 

A Text-Book of N euro- Anatomy. 63 ’- Albert Kuntz, Ph.D., M.D.,_ Pro- 
fessor of Micro-Anatom 3 ’' in St. Louis Universit 3 ’ School of Medicine. 
Pp. 518; 307 illustrations. Third Edition, thorough^ re^^sed. Phil- 
adelphia: Lea & Febiger, 1942. Price, 86.00. 

A Hand-Book of Ocular Therapeutics. B 3 - Sanford R. Gifford, !M.A., 
M.D., F.A.C.S., Professor of Ophthalmolog 3 ', Northwestern University 
Medical School, Chicago; Attending Ophthalmologist, Passavant Hos- 
pital, Wesley Memorial Hospital, Cook Count 3 ’’ Hospital. Pp. 410; 
69 illustrations. TJiird Edition, thoroughl 3 ' revised. Philadelphia: 
Lea A Febiger, 1942. Price, -84.00. 

Food and Beverage Analyses. B 3 ' Milton Ari^v-vden Bridges, B.S., ^LD., 
F.A.C.P., Late Director of Aledicine, Department of Correction Hospitals, 
New York; Consulting Pln'sician, Seariew Hospital, Staten Island, New 
York, etc., and Marjorie R. M.attice, A.B., M.S., Assistant Professor 
of Pathological ChemistPk', Department of Medicine, New York Post- 
Graduate jNfcdical School, Columbia Universit 3 '; Chief Chemist, New 
York Post-Graduate Hospital, etc. Pp. 344. Second Edition, fhoroughh' 
revised. Philadeljihia: Lea & Febiger, 1942. Price, 84.00. 

Science and Sanity. An Introduction to Non-.Aristotelian S 3 -stems and 
General Semantic.s. Tb’ Alfred Korzvb.ski, Director, Institute of 
General Semantics. I’j). 79S; illii.stratcd. Second Edition with Supple- 
mentar 3 ' Introduction and Bibliop"aph 3 ’. Chicago: Tiie International 
Non-Aristotelian Librara- Publishing Cornpana-, 1941. Price, 86.00. 
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THE PATHOLOGY OF ISLET CELL TUMOHS OF THE 

PANCREAS. 

Tumohs of the pancreas possessing a histologic structure^ closely 
resembling that of the islets of Langerhans have been recognized for 
nearly 40 years. Credit for the earliest clear description of an islet 
ceW tumor belongs to Nicholls,'*® who in 1902 reported from this Depart- 
ment an example of “simple adenoma of the pancreas arising from an 
island of Langerhans.” A few reports of similar benign tumors followed 
in subsequent years, but Shields Warren , who reviewed the literature 
in 1926, could find a total of only 16 cases of adenoma of the islets of 
Langerhans to which he added 4 new cases of his own. Such isolated 
reports stirred only an academic interest since it was believed, as 
Warren remarked, that these tumors “probably never give rise to 
trouble during life and have no clinical significance.” With the dis- 
covery of insulin in 1922^ and the recognition of insulin shock,'* there 
came the realization that oversecretion of insulin might occur and 
might produce a recognizable clinical syndrome. This idea was crystal- 
lized in Scale Harris’s concept of “liyperinsulinism.”^® Howev'er, the 
possibility that liyperinsulinism and hypoglycemia might occur as the 
result of secretory actii'ity on the part of an islet cell tumor was first 
brought to general attention in 1927 by the report of Wilder, Allan, 
Power and Robertson®® of a case in which a carcinoma of the pancreas 
of islet cell type had produced such effects. Two years later, a case 
was reported by Howland, Campbell, Ma]tb;k’ and Robinson®® in which 
“dysinsulinism” was cured by the surgical removal of an islet cell 
tumor of the pancreas. Since that time there has been a mounting 
intere.st in such tumors and in the clinical syndrome which some of 
them produce. Tlic total number of reported cases recognized either 
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clinically or at autopsy now exceeds 100, and successful treatment 
has become almost commonplace. The clinical aspects of hyperinsulin- 
ism and hj^poglycemia have been carefully reviewed by Sigwald,®* 
l^'auchope,®’’ Womack, Whipple and Frantz,®® and others. Whipple 
and Frantz®® in 1935, Whipple®^ in 1938, and Frantz^- in 1940 included 
in their papers e.xcellent tabulations of the clinical manifestations and 
pancreatic lesions observed in the cases reported up to the dates of 
publication. Isaji®^ included a brief resume of the pathology of islet 
cell tumors vdth his report of 2 cases, but so far as the Reviewer is 
aware, there have been no other attempts to bring together the accumu- 
lated information regarding the pathologic features of islet cell tumors 
of the pancreas. 

From the clinical or functional point of view, islet cell tumors fall 
naturally into two groups: those which produce the hj'poglycemic 
syndrome and those which do not. Anatomic and histologic studies, 
however, have failed as yet to provide any criteria which permit histo- 
logic differentiation of these two groups, so that the pathologist can 
only classify such tumors as benign or malignant. This distinction 
has obmous clinical importance, but it has no significance in relation 
to the possible endocrine actimty of these tumors for both the benign 
and malignant types in some instances produce the hypoglycemic sjm- 
drome and in other instances do not. In the absence of clinical evi- 
dence of hyperinsulinism or dysinsulinism, islet cell adenomata usually 
remain unrecognized until discovered at autopsy, while islet cell car- 
cinomata produce a clinical picture which cannot be distinguished from 
that of any other type of pancreatic carcinoma. Consequently, clinical 
interest in these tumors depends almost entirely on the ability of some 
of them to disturb carbohydrate metabolism. Nevertheless, a eon- 
•sideration of islet cell tumors from the pathologic point of mew necessi- 
tates inclusion of all of them, whether or not they have displayed 
evidence of functional actimty. 

For purposes of description and discussion, it is convenient to sepa- 
rate benign and malignant tumors, though it is not an easy separation 
to make. It is true that some islet cell tumors grow rapidlj’, invade, 
metastasize and are obviously malignant. Others are relatively small, 
grow slowly and lack raetastases. Howe\'er, in certain cases of the 
latter group the histologic finding of interruption or invasion of the 
capsule, or even invasion of blood channels by tumor cells, has led those 
who have reported such cases to doubt that the tumor in question was 
completely benign. Tumors of this kind have been reported as'ear- 
cinomata of low grade of malignancy, or as slow-growing carcinomata, 
or as adenomata, with the question of possible malignancy left m 
abeyance. Up to the present time the em'dence is in favor of the mew 
that these tumors, in spite of their histologic appearance of malignancy, 
behave as benign growths. In all instances in which an autopsy^ was 
obtained, metastases from such tumors were lacking, and in all patients 
who hai’C survived surgical excision, periodical observation has failed 
to reveal any sign of recurrence for periods up to 12 years. I or the 
time being, therefore, there is scarcely sufficient reason to create a third 
category to accommodate these questionable tumors and there is some 
justification for grouping them tentatively with those which are clearly 
benign. 
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Islet Cell Adenoma, Incidence. Although Warren®^*" in 1926 found 
only 16 cases of islet cell adenoma of the pancreas reported in the previ- 
ous literature, he expressed the opinion that more careful search of the 
pancreas at autopsy would reveal a higher incidence than that sug- 
gested by the then available figures. This view is vindicated by the 
findings of Pappenheimer^ who discovered islet cell adenomata in 5 of 
4010 consecutive autopsies. In 4 of these cases the pancreatic tumor 
was an incidental finding and in only 1 had there been clinical sjunp- 
toras. Probably on the basis of these figures, Campbell, Graham and 
Robinson'- stated that the incidence of islet cell adenomata was 1 in 800 
or 1000 autopsies but that related hypoglycemic symptoms had been 
encountered in only 20% of cases. As Whipple®^ has pointed out, 
“these islet tumors are small, seldom e.vceeding 1.5 cm. in diameter, 
and are easily overlooked unless serial sections are made of the pan- 
creas.” It is, therefore, entirely possible that the true incidence may 
exceed even that indicated by Pappenheimer’s data. That islet cell 
adenomata may occur in animals other than man is shown by Hueper's 
description®® of an islet adenoma in the pancreas of a white mouse and 
the report of Slye and Wells®® of the finding of multiple benign and 
malignant islet cell tumors in a dog which had shown cadence of hypo- 
glycemia for 2 j^ears before its death. 

Taking together all human cases of islet cell adenoma, whether ac- 
companied by clinical symptoms or not, it is found that the incidence 
is somewhat higher in males than in females. Among 90 reported cases 
analyzed by the Reviewer, there were 51 males and 39 females. The 
male preponderance, however, e.xisted entirely among the 64 cases in 
which there were clinical symptoms of hypoglycemia; of these, 38 were 
males and 26 females. , Among the 26 cases without hypoglycemic 
symptoms, males and females were equal in number. 

Islet cell adenomata have been found in patients of every decade 
from the first to the ninth. In about one-half of the 90 cases analyzed 
the patients were between the ages of 30 and 50 years. However, when 
one separates the cases with hypoglycemic symptoms from those in 
which such symptoms were lacking, it is found that the lower age groups 
are filled almost exclusively by patients who suffered from symptoms of 
hypoglycemia. Twenty of the 90 patients were under 30 years of age 
and of these only 3 in the third decade showed no clinical evidence of 
hyperinsulinism. Hypoglycemia due to islet cell adenomata has been 
reported in children of 7 and 10 years of age,®®-*' but it scarcely ever 
occurs over the age of GO. One case of hypoglycemia due to islet cell 
adenoma has been reported in a woman 63 years of age,®' but the 
remaining 10 cases of islet cell adenoma in patients over the age of 00 
lacked symptoms of hypoglycemia. The oldest patients in this group 
were 2 males, each 84 years of age.®®’®® 

The predominant incidence of the hypoglycemic syndrome in a.sso- 
ciation with islet cell adenomata in the earlier age groups and its 
virtual absence in the later age periods is probably explained, at least 
in part, by the fact that the clinical manifestations of hj-poglycemia 
invite surgical e.xploration of the pancreas witli the possibility of early 
discovery of a tumor; or, treatment failing, the pathologist i.s likelv to 
he given an early opportunity and the stimulus to search the pancreas 
carefully at nutop.sy and perhaps to find an islet cell tumor small enough 
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to have been overlooked in routine examination. On the other liand, 
noii-funetioning islet cell adenomata, even though they may originate 
ini the same age periods, are compatible with survival to a ripe old age. 

Gross Pathology. While it is true, as is frequently stated, that the 
most frequent location of islet cell adenomata is in the tail of the pan- 
creas, the surgeon and pathologist must bear in mind that about 25% 
of these adenomata occur either in the head or at the junction of the 
head and body of the pancreas. The remainder are distributed in 
various parts of the body of the pancreas as well as in the tail. It is 
also of importance to the surgeon that 2 or more islet cell tumors may 
be present at different places in the same pancreas. Multiple adeno- 
mata have been found in about 12% of cases. In more than one-half 
of these cases there were 2 adenomata, but as many as 5 were found in 
a case described by Kalbfleisch,^' there were no less than 10 in Lloyd’s 
case,^ and great numbers of small adenomata were distributed through- 
out the whole pancreas in the cases reported by Lang*- and Terbriiggen.®* 

Islet cell adenomata occur as circumscribed, spherical, ovoid or 
irregularly rounded masses of variable size. The smallest have. been 
encountered at autopsy in patients who have shovm no clinical evi- 
dence of hypoglycemia. Warren®*“ described one adenoma which was 
only 1.2 mm. in greatest diameter and in his 3 other cases the tumors 
did not exceed a diameter of 9 mm. Howe\'er, adenomata of much 
larger dimensions up to 13 cm. in diameter’®’*^ have been discovered at 
operation or at autopsy in the absence of any clinical record of signs 
or symptoms of hypoglycemia. On the other hand, the hjqjoglycemic 
syndrome has not been observed in association with islet cell adenomata 
of a diameter less than 1 cm. In the great majority of instances, the 
tumors have measured between 1 and 2 cm. in diameter®^'®® but there 
have been reported a few cases of hypoglycemia occurring in association 
with larger islet cell adenomata measuring up to 11 cm.®* or even 
15 cm.** in greatest diameter. _ ■ 

In gross appearance, islet cell adenomata are, nearly always described 
as being sharplj^ circumscribed and discrete, in some instances showing 
gross encapsulation. In the living patient they present a pink, reddish- 
gray or cyanotic color contrasting with the paler yellow color of the 
surrounding pancreatic tissue. The smface of the tumor may be 
covered by a rich \'ascular network. These features are well illustrateci 
in the colored plate published by Whipple and PTantz.®* Some degree 
of redness or cyanotic discoloration usually persists in the fresh surgical 
or autopsy specimen and the cut surface of the tumor maj’ show a 
degree of vascularity evidently greater than that of the surrounding 
pancreas. The tissue composing the nodule is quite homogeneous m 
appearance and lacks the lobulation of normal pancreatic tissue. 
Such tumors are generally somewhat firmer than the pancreatic tissue 
in which they lie, but they may be soft enough to be difficult to detect 
by palpation alone when they are buried in the substance of the pancreas. 

The progress of fibrosis, hynlinization and finally calcification in 
some adenomata modifies the color and consistency of these tumors. 
Depending upon the degree to which these changes have developed 
there may be a grossly visible increase in connective tissue with a con- 
comitant increase in firmness up to stony hardness. The increase m 
connective tissue becomt's grossly apparent with thickening of tlie 
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capsule and the formation of gray trabecular fibrous bands connected 
with the capsule and traversing the darker tissue of the nodule; or, the 
tumor may give the impression of complete hyalinization presenting a 
homogeneous pearly white cut surface resembling that of a hard fibroma. 
Calcification may or may not be obvious in the gross specimen. The 
development of marked degenerative changes evidently does not cause 
cessation of functional activity, for such changes have been repeatedly 
described in adenomata, the excision of which had effected a clinical 
cure of the signs and symptoms of hypoglycemia.®*'^®-'^’ Moreover, 
there is no authentic example of spontaneous cure occurring as the 
result of degenerative changes in an islet cell adenoma. In an interest- 
ing case reported by Herrmann and Gius®’ hjTJOgljTemic symptoms 
were relieved by the excision of a calcified mass embedded in tlie liead 
of the pancreas. While it seems probable that this mass represented an 
almost completely calcified islet cell adenoma, no islet tissue could be 
identified in or around the mass to establish this diagnosis. 

Hisioloijic Strneb/rr. Unless an extract possessing the properties of 
insulin is obtained from the tumor, the recognition of an islet cell 
adenoma depends entirely upon the histologic resemblance of the tumor 
tissue to normal or hyperplastic islands of Langerhans. Most of the 
reports of individual cases have been accompanied by adequate descrip- 
tions of the histologic structure of the tumor in question, but histo- 
pathologic studies as such have been relatively few -within recent years, 
comprising only those of Warren,®*® Smitli and Seibel,®® O’Leary and 
Womack,®’ Laidla-w*® and Isaji.®* 

Warren®*® laid dowm histologic criteria for the identification of islet 
cell adenomata. Tiie first of these was that the morphology and 
arrangement of the cells must resemble those of the islands of Langer- 
hans. He required also that the mass should measure at least 1 mm. 
in diameter and that there should be a definite capsule with compression 
of the adjacent pancreatic tissue. The presence of a definite fibrous 
capsule is of special importance in distinguishing very small'aclenomata 
from liyperplastic islands of Langerhans which may reacli a diameter 
of 1.5 mm. in some cases of diabetes. However, in many islet cell 
adenomata of larger size the fibrous encapsulation of the nodule is 
incomplete."'*®'®’ Compression of the neighboring pancreatic tissue 
is commonly observed but is not always present.®®'®®-®* 

Practically all histologic descriptions emphasize the resemi)lance 
hetwceji the arrangement of the cells in islet cell adenomata and that 
found in normal islet tissue. O’Leary and Womack®’ and, more re- 
cently, Laidla-tt-*® have pointed out that there is a tendency in the 
formation of islet cell adenomata toward repetition on a large scale of 
the normal structural relations of the islands of Langerhans. The 
characteristic feature of the norma! pattern is the disposition of the 
cells in short anastomosing cords, 1, 2 or sometimes 3 cells thick, sepa- 
rated by capillary channels with -which they are in very intimate rela- 
tion. The capillaries are extremely thin-walled, being accompanied 
only by a delicate network of argyrophil reticular fibers and occasional 
temmus strand.s of connective tissue. 

This arrangement of the normal island of Langerlians is almost 
exactly reproduced in some of the islet cell adenomata,*®-®’ but in most 
instances certain features of the norma! pattern are exaccerated. 
vou ‘A-|.S. NO. 3. — M\«cn, 15 
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Instead of narrow cords of cells, there may be broad irregular bands 
many cells thick, or rounded clusters of eells, bounded by thin-walled 
vascular channels. Most of the islet cell adenomata seem to fall into 
this general histologic category, showing some fairly narrow cords of 
cells but with many broader bands and clusters of cells. In other 
instances the exaggeration of the normal structure is in the opposite 
direction. Very long narrow cords of cells, only 1 or 2 cells thick, 
form more or less parallel, undulating and anastomosing bands sepa- 
rated from one another bj’’ delicate capillary channels. This “ribbon 
pattern,” as LaidlaA\'^“ pointed out, is practically identical with that 
observed in hypertrophy of the islands of Langerhans in cases of dia- 
betes as described by Weichselbaum and Stangl,^ MacCalluin^ and 
Cecil.*'* Finally, there is observed in a few islet cell adenomata the 
formation of small rosette-like clusters of columnar cells radiating from 
a center at which a minute lumen may be seen. Such structures, too, 
occasionally occur in normal islets. La^dla^\'*“ referred to these as 
rosettes of cells formed around capillaries, but Isaji®* interpreted this 
arrangement as evidence of the formation of short tubules. It is a 
matter of importance in relation to the genesis of these tumors that 
true ducts and ductules are often found well within the limits of the 
tumor mass and that they frequently show continuity with the islet 
cells of the tumor.*-'--’-^'-^'®-’*®-**'*'-®*-’’ 

Isaji®* suggested that islet cell adenomata be classified on the basis 
of histologic arrangement as “simple solid,” “trabecular” (Laidlaw’s 
“ribbon” type), and “partly tubular”; but deviations from the stand- 
ard patterns render it difficult to apply this classification rigidly. 
Laidla'w'*® described 2 tumors showing the “ribbon” pattern and re- 
garded this as a most unusual arrangement, stating that he was not 
aware of any pre\dous description of it. On the other hand, Isaji®* 
accepted no less than 9 previously reported adenomata as belonging 
to this category and stated that these “trabecular” tumors occurred 
with about the same frequency as the "simple solid” adenomata. 

The indi^^dual cells composing the islet cell adenomata are also 
strikingly similar to those of normal islands, especially in the most 
highly differentiated tumors. In such instances they are of polyhedral, 
cuboidal, prismatic or columnar shape, depending upon their position 
in the sinuous cords and lobules. The nuclei occupy a position near 
the centers of the cells. In those tumors composed of wide bands and 
clusters, the centrally placed cells are mostly rounded or polyhedral but 
those which lie next to the vascular partitions are apt to be low or high 
columnar, forming a peripheral band around each lobule. The nuclei 
frequently lie toward the capillary poles of these cells. Thus, if there is 
disintegration of the central cells, the appearance of spaces apparently 
lined by columnar epithelium may .suggest duct formation. In the 
adenomata of “ribbon” or “trabecular” tj'pe, the cells are columnar 
and lie in a direction transverse to the long axis of the ribbon with both 
poles of many cells in contact with capillaries. In this case, the nucleus 
lies near the middle of the cell. Such columnar cells may give the 
illusion of being abnormally large, but Laidla'v\'"’ found by actual 
measurement that they are no larger than many nonnal islet cells. 
Neverthek'ss, the tumor cells are frequently described as being con- 
siderably larger than normal. 
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The nuclei in general are much like those of normal insular cells. 
They are spherical or slightly ovoid, seldom elongated, varying in sip 
from normal to about one-half again as large as normal. The chromatin 
content also varies so that the nuclei, though usually vesicular with 
clearly visible nucleoli, may in some instances appear almost pyknotic. 
Mitotic figures have been found in varying numbers in some adeno- 
mata® i^ut in most instances they are absent. The occurrence of 
hinucleated cells and giant cells with central clusters of nuclei has been 
recorded by O'Leary and Womack,®^ Kalbfleisch®^ and Friedman.® 

In tissue fixed in any of the ordinary fixing solutions and stained 
with hematoxylin and eosin or with eosin-methylene blue, the cyto- 
plasm of the tumor cells is found to be definitely acidophilic in contrast 
to the basophilic cytoplasm of the acinar cells of the pancreas.® 

In fresh unfixed and unstained fragments of tissue immersed in Ringer’s 
solution, individual cells can be seen to be packed with minute refractile 
cytoplasmic granules'® as are the cells of normal islets.®'' 
Careful histologic studies of these specific granules require special tissue 
fixation and special staining methods. Accordingly, such studies have 
been carried out chiefly in cases of hypoglycemia in which the patholo- 
gist, forewarned, was able to secure prompt fixation of the tissue in 
appropriate solutions. 

The method of Lane,‘'‘ who in 1907 first distinguished between what he named 
alpha and beta cells, required fixation in 70% alcohol as well as in a chrome 
sublimate solution. In the former, the granules of the B (majority) cells were 
dissolved out and the granules of the A (minority) cells could be stained with 
neutral gentian. With chrome sublimate fixation, the granules of the B but 
not of the A cells were stained by neutral gentian. Since that time various 
staining methods have been devised by which the granules of alpha and beta 
cells are differentially stained in the same section when the tissue is fixed in 
aqueous solutions so that alcohol fixation is no longer necessary. Nevertheless, 
O’Leary and Womack” have pointed out discrepancies in the results of some 
of these staining methods and recommended that comparisons which necessi- 
tated assigning types to islet colls be made by the original method of Lane. 
Different investigators have used various types of fixing solutions, including 
Zenker’s stock solution, Zenker-acetic, Zenker-formol (Helly’s), Bouin’s and 
Altmann’s fluids as well as Bensley’s acetic osmic dichromate solution.” Fixa- 
tion in Zenker’s, Helly’s or Bouin’s fluids gives satisfactory results. The special 
stains most frequently employed are the Mallory-Heidcnhain azan stain, and 
the neutral dyes of Bcnsley®° and Bowie.* Laidlaw^” found the neutral dyes 
“cxaspcratingly capricious” when applied to human material, but Bensley’s 
acid fuchsin-inethyl grccn*o gave accurate and constant results, hlodified fix- 
ing solutions and new staining methods have recently been described by Bavley® 
and Gomori.*<“ 

By the application of one or other of these special staining methods, it 
has been shown that a varying proportion of the cells composing islet 
cell adenomata possess granules which stain like those of normal beta 

It is thought that the B cells of normal 
islets are the ones responsible for the elaboration of insulin and it is, 
therefore, worth noting that such cells have been demonstrated in 
symptomless adenomata®®-®'" as well as in those with associated h\'po- 
glycemia. Studies of adenomata which produced no symptoms and were 
discovered as incidental findings at autopsy have gone not much farther 
than this hecanse of the difficulty in demonstrating the specific granules 
in any hut the fre.shest of autopsy material. In the case of adenomata 
causing hypoglycemia and excised surgically or obtained at an autops\' 
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expeditiously performed, the opportunities for histologic study are 
better and in some such instances cells containing granules like those of 
A cells have also been described as occurring in varying proportions 
with those of B typed^”’’®-'^'’ Laidlaw^" stated that the tumor cells 
stain exactly like those of normal islets, most of them containing 
granules of B type with here and there a cell containing granules of 
A type. However, as early as 1929, Robinson®- described certain cells 
in an islet tumor in which granules of both A and B type %vere present 
in the same cell. Prof. R. R. Bensley, whose opinion is quoted by 
several authors,*®’®®’®®'®®''^® and O’Leary and Womack®^ drew attention 
to other points of difference between the tumor cells and normal cells 
of the islets of Langerhans. On the basis of meticulous studies of 
several different adenomata, Benslej^,®®-” while admitting that the cells 
bore a considerable resemblance to those of normal islets, a few staining 
exactly as do normal beta cells, concluded that many of the tumor 
cells differed from the normal in several important c 3 dologic details. He 
regarded these as abnormal beta cells. O’Lear^^ and Womack®* con- 
curred in this view and suggested that the severity of sjTOptoms might 
be determined by the degree of similitude of the majority of the cells to 
the B cells of normal islets, as well as b^' other factors such as the 
intimacy of relation between the cells and vascular channels, the size 
of the tumor and the development of degenerative changes. Cells 
resembling the granule-free C cells of Benslej'® or the D cells of Bloom® 
are lacking in islet cell adenomata.^®’®* 

Hj’^dropic degeneration of the tumor cells such as might suggest 
excessive secretory activity has not been observed.®®'®* In normal 
islets other forms of cellular degeneration are rare, but in islet cell 
adenomata pj'knosis of nuclei with diffuse basophilic staining of the 
endoplasm is frequently" seen in small groups of cells.®* Moreover, _ in 
some of the reported tumors there were focal areas of necrosis occupied 
by" cell debris mixed with red blood cells.*®-®®'®*''® O’Leary" and Womack®' 
were unable to find convincing evidence that these manifestations of 
degeneration were entirely" attributable to poor blood supply" since they 
sometimes occurred in the neighborhood of apparently" functioning 
vessels. 

“Just as the tumors duplicate the structure of normal and hyper- 
trophied islets, so they- are subject to the same pathological vicissitudes 
such as fibrosis, h.valine degeneration and calcification” (Laidlaw*®). 
Fibrosis begins with an increase of the delicate fibrous framework 
surrounding the vascular channels and proceeds to the formation of 
broad bands of collagenous connective tissue which separate the con- 
stricted strands and clusters of tumor cells from the blood-vcsscl.s. 


These fibrous bands show a marked tendency to undergo hyalinization 
and, as elsewhere in the body, the hyaline material is apt to become 
calcified. Shields Warren®'® and O’Ivcary and Womack®* regard the 
hyaline material as being derived from the connective tissue and pos- 
sibly from endothelial cells. Laidlaw,®® on the contrary, is convinced 
that degenerating tumor cells also contribute to the formation of the 
hyaline masses. The extent to which these tumors may be replaced 
by fibrous, hyaline or calcified tissue has suggested the possibility of 
spontaneous cure of hypoglycemic symptoms caused l>y an islet cell 
adenoma, but no authentic instance of this has been recorded. 
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Possible Malignancy of Certain Islet Cell Adenomata. As has been 
mentioned already, certain circumscribed islet cell tumors have been 
described which lacked metastases and gave no other gross indication 
of malignancy but which possessed histologic features suggesting this 
possibility. The problem presented in such instances has recently 
been discussed by Frantz” who collected from the literature the cases 
of this kind reported up to the end of 1939 and described several addi- 
tional cases making a total of 21. The histologic findings upon which 
most emphasis has been placed as indicative of possible malignancy are 
incompleteness of encapsulation, and invasion of the capsule or of the 
adjacent pancreas or of blood-vessels by the tumor. Marked ^’^ariation 
in size, shape or staining qualities of the tumor cells need not necessarily 
be an associated finding and mitotic figures may be totally lacking. 
Indeed, several authors, while making a diagnosis of carcinoma in such 
cases, have expressed doubt as to its correctness or have at least sug- 
gested that the tumor was of low-grade malignancy 

Clinical data support the view that these tumors, in spite of their 
histologic appearance, behave as benign neoplasms. Symptoms of 
hypoglycemia, evidently indicating the existence of the islet cell tumor, 
were present in these cases prior to operation or autopsy for periods 
almost always longer than 1 year up to 5,^® If- or 8 years,®^ Yet no 
metastases were found and surgical excision of the primary tumor in 
the pancreas- was followed by the disappearance of hypoglycemic symp- 
toms. No instance of recurrence of the tumor growth following 
operative removal has been reported, while survival for periods of 
1 year up to 5 years or more without the recurrence of hypoglycemic 
symptoms has been recorded in 10 cases.^- 

In the case reported in 1929 by Howland, Campbell, Maltby and 
Robinson, the patient suffered from symptoms of hypoglycemia for 
7 years before they were relieved by surgical excision of a tumor diag- 
nosed histologically at the time as a slow-growing carcinoma of the 
islets of Langerhans. No tumor metastases were found at operation. 
Dr. W. L. Robinson kindly informed the Reviewer in a personal com- 
munication in December, 1941, that this patient was still alive and well, 
more than 12 years after operation and 19 years after the onset of 
symptoms attributable to the presence of the tumor. Dr. Robinson 
stated that in view of this long period of survival and after reviewing 
the original histologic sections in the light of experience vdth tumors 
subsequently studied,'- he is now of the opinion that the tumor in the 
first case was not truly malignant. Tempting as it is to do so, the same 
conclusion cannot yet be dravm with finality concerning all the remain- 
ing cases in this group. It is important that these patients should be 
followed and the ultimate findings recorded for the guidance of both 
clinician and pathologist. 

Associated Changes in Endocrine and Other Organs. Hypertrophy of 
the islets of Langerhans has been described in a few cases "in association 
with islet cell adenomata of the pancreas but this does not 
occur with any regularity and in most ipstances the islets are histo- 
logically normal.s'-so w- There is no histological evidence of excessive 
secretory activity on the part of the islets and. indeed, direct evidence 
to the contrary is provided by the disappearance of symptoms of 
"ypf'glyccmia after surgical excision of an islet cell adenoma. 
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Among associated lesions in other endocrine organs, various changes 
in the anterior lobe of the pituitary gland are the most frequent, though 
by no means common. Diffuse hjqierplasia of eosinophil cells,^' adeno- 
matous hyperplasia of eosinophil and basophil cells,^* basophil or chro- 
mophobe adenomata23’37.«.47.53.6i ^^d marked invasion of the posterior 
lobe by basophils”^ have been described in indimdual cases. Adeno- 
mata of the thjToid-'-^’ and parathjToids^^’^ and enlargement of the 
thymus gland^’’“’®^'‘° have also been observed as relatively rare asso- 
ciated lesions. In some instances, several of these lesions have been 
encountered in the same case together -with islet cell adenoma, notably 
in the cases reported by Lloyd, ^ Rienhoff and Levis,^ Kalbfleiscld" 
and Friedman.^ The exact relation between these various changes in 
endocrine organs is not clear. 

The liver is generally found to be essentiall^'^ normal. Estimations 
of liver glycogen in several cases ■with hypoglycemia have shown con- 
siderable variations. Small to large amounts of glycogen have been 
demonstrated in a few instances,^^-“-'*’’®®-'^“ while in other cases glj-cogen 
was virtually absent from the liver.^-^'-®' 

In patients •with a history of hjqioglycemia various microscopic 
changes have been found in the brain and these have been variously 
interpreted.^'^'^"-'*^'®^ Perivascular petechial hemorrhages throughout 
all parts of the brain are common. Nerve cells in all layers of the cere- 
bral corte.x, in the basal nuclei, midbrain, pons, medulla and, to a 
lesser extent, in the cerebellum, are described as showing acute degen- 
erative changes with swelling, chromatolysis and distortion of cell 
outline. Progression of these changes to complete disintegration of 
nerve cells ■\dth secondary glial proliferation has been described in some 
instances.'*’’^® Such widespread degenerative lesions have generally 
been regarded as significant, but Baker and Lufkin* believed that the 
acute degenerative changes observed in their cases had occurred post- 
mortem. The petechial hemorrhages have usually been interpreted as 
the result of conNuilsive seizures. 


Islet Cell Carcinoma. Undeniabl 3 ' malignant islet cell tumors are 
rare. In onl\' 6 reported cases has the h.vpoghxemic sj’ndrome been 
observed in association with such tumors and cases of islet cell carcinoma 


without symptoms of hj'pogl.vcemia appear to be equallj’ rare. How- 
ever, in the absence of hjqiogl.vcemic s.vmptoms, an islet cell carcinoma 
is less likelj' to be recognized as such. Peculiar tumors of the pancreas 
have occasionall.v been reported which might well have been unrecog- 
nized islet cell carcinomata, for e.xample, the diffuse carcinoma of tlm 
pancreas of “rare k'-pe” with unusual metastases described b\’ ^^illis.'‘’ 
iMorcover, at least 1 functioning and 4 non-functioning islet cell car- 
cinomata have been mentioned in passing b%’ different authors without 
details of the cases being given.'® Tlie 9 ca.scs which have been 

reported in some detail are summarized in Table 1 and equivalent infor- 
mation is included regarding 3 cases mercl\' mentioned b.v the Renewer 
in a previous pulilication.'® The “adenoma malignum” of islet cell 
type de.-;cribed h\’ \'ccchi'’'' is omitted since metastases were lacking and 
tiicre was no other goorl evidence of malignanc.v. In addition to its 
f)ccurrence in man, islet cell carcinoma of the pancreas has been flis- 


covered twice in dogs.'“ ®’ 



Table 1.— Twelve Cases of Islet Cell Cabcin’osla. 
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In view of the small number of cases available for analysis, it can 
only be stated that the sex and age incidence of islet cell carcinoma of 
the pancreas does not appear to differ materially from that of other 
types of pancreatic carcinomad* These few cases show a ratio between 
males and females of 9 to 3, as compared with a ratio of only 4 to 3 
among cases of islet cell adenoma (including those suspected of being 
malignant). It is perhaps worthy of note that the very young and the 
very old are not represented in this group as they are among the cases 
of islet cell adenoma. 

The clinical signs and symptoms in 6 cases were predominantly 
those of hjqioglycemia; the malignant neoplasm as such scarcely influ- 
enced the clinical picture. On the other hand, in at least 3 cases there 
was no clinical evidence of h^^oglj'cemia and the clinical course did not 
differ from that observed in cases of carcinoma of the pancreas of other 
histologic types. Regardless of the character of the clinical picture, 
the dmation of illness, from the onset of symptoms to death, was longer 
than 1 year in only 2 cases and in the majority it was much less than a 
year. This is in marked contrast to the long periods of illness prior to 
operation and the even longer periods of survival in good health follow- 
ing e.xcision of circumscribed islet cell tumors in those cases in which the 
tumors were suspected of being malignant on histologic grounds. 

The fact that the islet cell carcinomata in the 12 tabulated cases 
occupied either the tail, or the tail and the body, or the tail, body and 
head of the pancreas recalls the greater frequency of occurrence of islet 
cell adenomata in the tail of the pancreas, as compared with the body 
and in the body as compared with the head. The part of the pancreas 
occupied by the carcinoma is usually described as being somewhat 
enlarged and firm, rubbery or even stony hard. If the surface of the 
pancreas is not obscured by fusion Avith neighboring structures, it is 
found to be gray and fibrous in appearance Avith smoothly rounded 
contours interrupted in some cases by nodular projections of yelloAA’isIi- 
gray tissue. The cut surface rcA-eals replacement of the normal pan- 
creatic lobules by broad areas of firm, gray, coarsely lobulated tissue, 
resembling fibrous tissue, AA'hich merges imperceptibly into the adjacent 
intact pancreas. In some instances stich tissue may be seen, even at 
some distance from the main tumor mass, spreading out betAA’een the 
pancreatic lobules and blurring their outlines. In about one-half of 
the eases, distinctly yelloAv or reddish-yelloAv nodules, from a few milli- 
meters to 1.5 cm. in diameter, are found embedded in the gray tumor 
tissue. Such masses may produce a nodular irregularity of the external 
surface of the pancreas. While the tumor mass may, in some instances, 
be fairly sharply demarcated from the neighboring pancreatic tissue, 
gross encapsulation of the mass has neA’er been described, itletastatic 
tumor nodules may be circumscribed or infiltrating; the tissue is firm 
but. like that of the primary tumor, A-aries in eoior from gray to reddi.sh- 
yelloAv. 

The rcscmblanee betAA'een the histologic structure of thc'se tumors and 
that of normal islets of Langerhans has been repeatedly commented 
upon. This similarity is most striking in small outlying nests of cells 
A\ hich may be extraordinarily difficult to distinguish from normal islets. *' 
Even in the midst of the tumor ma.s.s, rounded structures inay be eii- 
countererl that look like giant island.s occurring in mas.sc.s, some of 
Avhich are large enough to be gro.AsIy A-isible.'^ .Apart from such circum- 
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scribed structures, however, the tumor takes a diffuse infiltrating form 
with the tumor cells arranged in rounded clusters or irregular cords 
separated either by delicate strands of connective tissue carrying numer- 
ous capillaries or by broad dense fibrous bands. The clusters and cords 
of cells are solid and there is no tendency toward the formation of 
glandular structures or ducts but progressive degeneration and necrosis 
may lead to the development of cystlike spaces.’’' 

The smaller tumor cells resemble normal islet cells very closely, 
possessing a vesicular nucleus with a distinct nucleolus and eosinophilic 
granular cytoplasm. In a few cases, the cells were uniformly of this 
small type,^”-^®'^® but considerable variation in size and shape of the 
cells is the rule. Cells somewhat larger than normal frequently contain 
large hyperchromatic nuclei and scanty cytoplasm. Multinucleated 
giant cells have been described in 2 cases.® Mitotic figures, some of 
them atypical, are generally present, though in varying numbers. 
The histologic structure of the metastases is similar to that of the 
primary tumor, but in several instances there have been observed 
histologic differences of such a character as to suggest more rapid 
growth in the metastases than in the primary pancreatic tumor. 

The demonstration of specific cytoplasmic granules in the tumor 
cells has been attempted in only 1 of the tabulated cases and in 1 other. 
Joachim and Banowitch®® were able to find a few granules which stained 
like those of B cells, but Gomori®'*® stated that the tumor cells in his 
case contained no identifiable granules. 

From all of the available information, it would appear that islet cell 
carcinoma of the pancreas is a rather rapidly grondng tumor which 
spreads quickly from the pancreas into neighboring structures and 
metastasizes widely by way of both lymphatic and blood channels. 
The tendency of the tumor to spread rapidly beyond the limits of the 
pancreas might be regarded as a property inherent in this particular 
tumor were it not known that the same tendency is shared in equally 
marked degree by pancreatic carcinomata of other histologic types 
when they are located in the body or tail of the pancreas. This fact 
has been pointed out by the Re^^ewer in a previous publication and the 
phenomenon explained on purely anatomic grounds.^® 

Genesis of Islet Cell Tumors. The studies of Bensley,® Grauer®® and 
others on the embryology and regeneration of the pancreas ha^'e firmly 
established the view, now universally accepted, that the epithelial cells 
of the islets of Langerhans are derived by differentiation from the 
epithelium of pancreatic ductules. In the embryo, the pancreas de- 
velops from hollow epithelial buds which grow out from the duodenum 
as branching pancreatic ducts. At inter\'als along these proliferating 
ducts, differentiation of the epithelium occurs in two distinct directions 
giving rise either to acinar cells or to islet cells. This ability of the 
dvict epithelium not only to form new ducts but to differentiate into 
acinar or islet epithelium is certainly carried beyond the period of 
embryonic development and apparently persists throughout life. In 
adult animals, ligature of the pancreatic duct is followed in a short time 
by degeneration of the pancreatic acini and by a more gradual disap- 
pearance of the islets of Langerhans. So long as the duct remains 
occluded, attempts at the regeneration of pancreatic acini are con- 
stantly frustrated by degeneration of acinar cells as quicklv as they are 
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formed.® However, the reestablishment of duct drainage is followed 
by rapid and successful regeneration of acini from the duct epithelium 
On the other hand, even if occlusion of the pancreatic duct is permanent, 
the islets of Langerhans are replaced, almost as rapidly as they are 
destroyed, by new islets originating by differentiation from epithelial 
cells of the pancreatic ductules.® Once differentiated out from the duct 
epithelium, the islet cells are capable of independent proliferation. 

On the basis of this knowledge, it has been suggested by O’Leary and 
Womack®^ and Laidlaw'^® that islet cell tumors represent a response of 
pancreatic duct epithelium to a stimulus w'hich calls into action its 
islet-forming potentiality and, to a lesser extent, its ability to build 
ducts, while its power to form pancreatic acini remains Hrtually in 
abeyance. This suggestion is supported by the frequent presence in 
islet cell adenomata of pancreatic ducts and ductules^-'^’^®’*®’®"’'*®'''^’®'’®®’” 
in such numbers that at least some of them must be regarded as newly 
formed.^® Still stronger support comes from the observation of direct 
continuity between the epithelium of these duetules and the islet cells 
of the tumor. O’Leary and Womack®^ have even identified 
single islet cells interspersed among the cells lining the ducts. jMore- 
over, they repeatedly noted the presence of mitotic figures in islet cells 
containing specific granules, indicating the ability of these cells to carry 
on independent proliferation once they have differentiated out from the 
duct epithelium. Although these observations have been made exclu- 
sively in islet cell adenomata, it seems justifiable to apply the obvious 
conclusions to the genesis of malignant islet cell tumors as well. 

The ability of the multipotent pancreatic duct epithelium to give 
origin to islet cell tumors in the pancreas must surely be duplicated in 
aberrant pancreatic tissue which is usually composed of pancreatic 
ducts and acini, often with well-formed islets of Langerhans. Pan- 
creatic tumors of other kinds certainly may occur, as exemplified by the 
adenoma of duct or acinar type discovered by Schmidt®® in a nodule of 
accessory pancreatic tissue in the wall of the jejunum. However, so 
far as the Reviewer is aware, there have been only two reports of the 
occurrence of islet cell tumors in aberrant pancreatic tissue. Yecchi,®® 
some years ago, described a large islet cell adenoma which had devel- 
oped in accessory pancreatic tissue located near the tail of the pancreas. 
The second instance is that recently reported by Ballinger® in which 
hypoglycemia was associated with an fslet cell carcinoma originating 
in aberrant pancreatic tissue in the liver fsee Table I). Faust and 
Mudgett®® have recently collected from the literature 370 cases of 
aberrant pancreas. Their analysis of the distribution of the aberrant 
tissue shows that it was located most frequently in the wall of the 
duodenum (30%), stomach (26%), jejunum (1S%) and ileum (13%): 
other rarer sites included the gall bladder, spleen, mesentery and 
omentum. It seems obvious that Islet cell tumors may be e.xpccted to 
occur rarely in one or other of these .situations. 

G. Ly.max Dl'fk, M.I). 
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FAMILIAL AGGREGATION IN POLIOMYELITIS. 

There are epidemiologic indications that the development of par- 
alytic poliomyelitis in the few of the many who come in contact with 
the 'sdrus may be determined not so much by parasitic or en^^ronmental 
factors of exposure, but rather by autarceologic susceptibility of the 
host.^*’’" In a smaller proportion of cases, certain temporary or changing 
influences*^*'*’^'®'®’®’-* in the individual, operative at the time of develop- 
ment of the disease, clearly affect the outcome of exposure to the virus. 
But a number of selecti^dties in the occurrence of the frank disease 
among those exposed indicate that susceptibility to paralj'sis is even 
more often inherent. 

It should be clearly in mind that susceptibility to paralysis must 
await exposure to the virus for its e.xpression. Othenvise, confusion 
arises when an attempt is made to reconcile the distribution of the 
frank disease with the idea of susceptibility as an important determi- 
nant of paralysis. Thus, an eminent epidemiologist once rejected the 
whole idea of individual susceptibility to paralysis on the grounds that 
such a susceptibility could not by any stretch of the imagination occur 
radially (in the manner of spread of epidemics of the disease). 

It is recognized, of course, that the development of poliomyelitis is 
immediately dependent on e.xposure to the virus and that many of the 
features of the distribution of the disease tend rather to reflect the dis- 
tribution of the virus. For e.xample, it is now clear that the age distribu- 
tion of the disease is determined by the time (or average age) of exposure 
to the virus and may be limited by immunity from previous expostire, 
rather than by variations in susceptibility with age per 

What is determined by inherent or natural immunity (autarcesis) is 
the limited and selective occurrence of paralytic poliomyelitis in those 
exposed to its virus. It is this aspect of the disease that takes away 
from the presenting epidemiologic picture the readily apparent criterion 
usually sought to establish contagion — the occurrence of the disease 
among those directly associated with the sick — and which accounts 
for the ease with which the whole subject of transmission can be re- 
opened by the advancement of any new hypothesis, based on even 
fragmentary observations on some feature of the distribution of the 
more apparent clinical disease when not viewed in the light of the less 
apparent but much more widespread dissemination of the virus. 

Because of the indirect nature of much of the evidence for it, the 
epidemiologic concept of widespread di.ssemination of virus originating 
in the now classic observations of Caverly and AVickman has Iiecn 
subjected to many checks and challenges. The basic eviilencc lies in 
tlie unbroken gradation from frank paralytic eases of the disease throiigli 
milder and non-paralytic forms to .suspcctcfi abortive infections; in the 
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time and space relationships between clinically recognizable cases winch 
imply intervening milder infections or healthy carriers; and in the 
occurrence of extensive immunity in the general population as shown by 
virus neutralization tests.^^"® The concept of widespread virus is at 
the present time being rapidly substantiated by new procedures for the 
detection of virus, not only in recognizable cases but in suspected ill- 
nesses and healthy individuals as welld^-® Only when the distribution 
of the frank disease is examined in the light of widespread virus does it 
become possible to discern the selectivities which indicate inherent or 
familial susceptibility to paralysis as the factor which determines this 
complication in the few of the many exposed. The pattern of paralytic 
disease occurrence is formed by interceptions of the pattei’n of suscep- 
tibility to paralysis by that of virus distribution. 

Doubtless much of the confusion which has entered into the formula- 
tion of a generally acceptable concept of the natural history of polio- 
myelitis has arisen from the difficulties in establishing either of the two 
variables which determine the pattern of disease distribution, when this 
resultant pattern has been the one directly presenting itself for study. 
Now that one of these determining patterns can be more or less held 
fixed as a variable, the other can be brought nearer the surface for 
examination. 

In this paper are reviewed several sets of observations, D'^all of which, 
under the concept outlined, are consistent with hereditary suscepti- 
bility as a factor which determines the occurrence of paralysis in a 
selected few of the many exposed to the virus. The data do not repre- 
sent a systematic tabulation of the different categories of cases as to 
frequency of occurrence in a given population or series of cases. They 
have been accumulated over a period of years in the course of various 
studies in numerous localities, and hence no comparison can be made 
with any calculated expectancy. For these reasons, no one of the group 
of instances can be considered in itself proof of the operation of heredi- 
tary factors in the distribution of paralytic poliomyelitis. But from 
the rareness with which some of the instances would be expected to 
occur by chance in the distribution of a relatively uncommon disease, 
the observed frequencies are suggestive of hereditary factors in the 
distribution of paralytic poliomyelitis. Furthermore, the different cate- 
gories of instances occur in general in the proportion to each other which 
would be expected in a disease influenced by heredity. Although the 
nature of the data available precludes exact comparisons, there are 
certain indications that the frequency of the different categories of 
instances is of the same order as is observed in corresponding instances 
of certain other diseases in which hereditary influences operate.’® 
Jmmily composition itself, of course, is one hactor in determining the 
relative proportions of some of these instances and would be a more 
decided determining factor, for example, between one disease prepon- 
derantly of childhood and another preponderantly of adult life. Because 
of the more or less general agreement between the frequency of these 
instances in poliomyelitis and in diabetes (a non-infectious disease 
occurring with a very different age distribution), to be shown later, 
we are inclined to the view that the relative frequencies of the different 
mstance.s recorded here are indicative of hereditary factors influencing 
the distribution of poliomyelitis. 
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Multiple Cases in Families. The first of these obser\'ations is a re- 
interpretation of certain data relating to the freqnency of multiple cases 
of poliomyelitis in families. One of the commonplace arguments against 
the ■R'idespread and easy transmission of the virus from person to person 
has been the infrequency of multiple cases in families, which has been 
commonly interpreted as evidence that the virus of poliomyelitis is less 
communicable than those of other common infectious diseases which 
tend to spread through families. This idea was emphasized in an early 
study by HilP^ in Minnesota, where he “compared the relative trans- 
missibility of infantile paralysis with that of scarlet fever, diphtheria 
and typhoid fever in the same territory.” Of persons known to have 
been e.xposed to diphtheria, scarlet fever and infantile paralysis, the 
percentages contracting the disease were: scarlet fever, 22%; diph- 
theria, 17%; infantile paralysis, 6%. Taking the instances of these 
diseases where 1 case existed in a family, other cases occurring in the 
family were as follows: scarlet fever, 40%; typhoid fever, 30%; diph- 
theria, 29%; infantile paralysis, 17%. From these observations. Hill 
concluded that poliomyelitis is less transmissible than scarlet fever, 
typhoid fever, or diphtheria. From these and similar findings, it was 
concluded by certain students, many years ago, that “such instances 
are difficult to explain by any theorj" of personal contact, direct or 
indirect.”^® - 

Lavinder, Freeman and Frost,^’ from detailed comparisons of secon- 
dary attack rates in poliomyelitis, scarlet fever and diphtheria, con- 
cluded that secondary attack rates indicate quite striking differences 
in the liability of persons e.xposed in • the family with a case of the 
disease to contract it. In poliomyelitis, only 1 person in 100 e.xposed 
in the family mth a case developed the disease, while in scarlet fever 
the proportion was 1 in 10, and in diphtheria 1 in 16 in those so e.xposed. 

On the other hand, the striking manner in which poliomj'elitis some- 
times runs through several members of a family under the same condi- 
tions of exposure where only 1 member is usually attacked has long 
suggested a family tendency.”' Marie*® and also Charcot, of the early 
French -wTiters, laid great stress on the hereditary nature of the diseap, 
pointing to its knonm occurrence in several members of the same family 
as evidence of a hereditary influence. Stephens,*^ reporting an outbreak 
in Victoria, Australia, in 1908, makes the statement that there is a 
family predisposition to the disease in some instances. 

In 1925, Aycock and Eaton,- in the course of a study of the interval 
between multiple cases of poliomyelitis in families, made some calcula- 
tions (unpublished) on the probability of the occurrence of additional 
cases in a family into which the disease was introduced, and found that 
the attack rates in remaining members increased with the number of 
cases whicli had occurred. Because of the nature of the data and the 
methods of calculation, no conclusion could be drawn, but a family 
tendency was suggested. 

Of these two contrasting points of view of the contagiousness of the 
virus of poliomyelitis, the latter seems preferable, since the observation 
made by Hill to the effect that poliomyelitis is less contagious than 
diphtheria and scarlet fever, and those by Lavinder, Freeman and Irost, 
generally interpreted in the same way, do not include adjustment for 
tliffercnces which would be expected in familial aggregation in relatively 
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rare and relatively common diseases in the general population. Now, 
if population saturation in poliomyelitis is equal to that of measles 
and diphtheria, for example, then poliomyelitis virus infection (not 
clinical disease) must be as contagious as those of measles and diph- 
theria, and there is no reason for supposing that any special condition 
of contagion would cause the sjiread of the \drus of poliomyelitis, upon 
introduction into a family, to depart markedly from that of measles in 
a family. As is well known, measles tends to run through families, and 
as indicated by the weight of evidence in general and recently verified 
by virus detection studies such as that of Langmuir and McClure,^® the 
same holds true of poliomyelitis virus. Since measles is always clinical, 
the observance of cases in non-immunized members of families is a true 
measure of virus spread. But since poliomyelitis virus infection is 
silent in the vast majority, the same silence would be expected in 
families. Stated in another way, if the occurrence of secondary cases 
of measles in a family can be considered as reflecting the contagiousness 
of this virus in general, it would be expected— bearing in mind the rela- 
tive infrequency of clinical poliomyelitis — that the occurrence of secon- 
dary cases of poliomyelitis in families, reflecting only in a small degree the 
contagiousness of this virus, should be correspondingly less. Since 
measles uniformly occurs in clinical form and clinical poliomyelitis 
occurs in less than 1 % of those exposed to its virus, it would be expected 
that the tendency to secondaiy cases of poliomyelitis in families would 
be of the order of 1 % of that observed in measles. Thus, the finding of a 
secondary attack rate in poliomyelitis, as in the studies of Hill and of 
Lavinder, Freeman and Frost, as high as one-fifth that of measles 
(Chapin'^) is in reality indicative of a relatively high tendency to 
fiimilial concentration of clinical poliomyelitis. 

Recurrence in Siblings. Because of the relatively low incidence of 
poliomyelitis — ^the infrequency of outbreaks in an average community — 
recurrences in the same family would on the laws of chance be excep- 
tional. During the course of observations covering a period of years, 
instances of poliomyelitis have been encountered in a brother or sister 
of some patient seen in pre^dous years, or wlmre some older brother 
or sister of the patient had residual paralysis from an earlier attack. 
Twenty-two families where dates and ages are known have been 
.studied in detail. Chronic carriage of the virus on the part of the 
earlier ease, or some household circumstance might be considered as 
the epidemiologic factor in the recurrence of the disease in the same 
immediate family. However, it Avas found that many of the later 
eases were not yet born when the earlier case occurred, and in several 
instances the older member of the family was no longer in the home 
when the later case occurred. Moreover, a number of these cases 
developed after the individuals liad left home, or the families had 
moved to new localities or even to other countries in the interim between 
eases. There is one such instance in a family in which both the parents 
died while the children were infants. The two children were adopted 
in different localities and never saw each other again, yet each devel- 
ojied the disease at different places years after they had separated. 

Due to the \\ide range of variation in the occurrence of the disease 
within the jteriod and between the localities represented by these in- 
.<tanccs of recurrence, any calculated expectancy for statikical com- 
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parison with these observations would probably come no nearer answer- 
ing the question than the impressiveness of the observation in view 
of the uncommonness of the disease in a given location. 

Recurrence in Parent and Child. Another circumstance of familial 
recurrence of poliomyelitis to be considered in the present connection 
is the appearance of the disease in a child whose parent also had the 
disease in childhood. Such instances are more suggestive of a heredi- 
tarj’^ factor than recurrence in siblings, first because they include suc- 
cessive generations; second, because environmental or household influ- 
ences which might enter into recurrence in siblings can be more definitely’ 
excluded; and, third, because the low incidence of the disease would 
render unlikely the occurrence on the laws of chance of any number of 
such instances. 

Again, no useful comparison can be made with any calculated expec- 
tancy, but the number of instances of this type of recurrence appearing 
in the records of poliomyelitis in Vermont and Massachusetts (with 
some additions from studies made elsewhere by the author) are regarded 
as suggestive, when compared with the number of instances of the 
disease occurring at the same time in a parent and one or more children. 

There are in our data 11 instances of simultaneous poliomyelitis in 
parent and child, which represent a fairly complete reporting of such 
cases actually occurring in the series from which they were taken, for 
the simple reason that the recognition of one case practically insured 
finding the other. On the other hand, the 38 instances of the occurrence 
of the disease in the offspring of individuals who had had it in childhood 
doubtless represent only partially the instances which actually exist in 
the series. These instances were not sought for systematically, and it 
was only in the course of other investigations that many times they 
came to light through finding a parent with a limp characteristic of 
poliomyelitis in whom such a diagnosis had never been made. It is 
felt that these instances of poliomyelitis in parent and child actually 
are of more frequent occurrence than is represented by the number we 
have on record. 

Occurrence in Other Relatives. If recurrences of poliomyelitis in 
siblings and in parents and children are indicative of a familial tendency, 
recurrences in other relatives in both lineal and collateral lines should 
also be found. A study in Massachusetts and Vermont of 5SG cases of 
poliomyelitis investigated serially with var,^’ing degrees of thoroughness 
revealed that 26.8% of them had one or more relatives with the disease 
other than members of their own household. In Massachusetts, 17.7% 
of the serial cases investigated gave a history of the disease in relatives, 
in \’crmont .61.5%. In 133 family lines in Ma.ssachusetts with more 
than 1 case, the average oectirrence was 2.S cases per family; while in 
the 89 Vermont family lines with more than 1 case, the average was 
3.2 cases per family. Several factors seemed to enter into the higher 
figure obtained in Vermont. First, many families still living in the old 
home with members of older generations were able in general to furni.sh 
more complete genealogies anti had a more intimate acquaintance with 
their relati\’es .'ind a better kriowlerlgc of their di.sca.ses than had resi- 
dents of cities who were interviewed and who were out of touch witli 
their relatives. Third, in certain local rural outbreaks, a large propor- 
tion of cases were observed in closely relaterl individuals in the corn- 
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munity. In one instance especially, doubtless due to the fact that the 
place iiad previously been inaccessible to transportation facilities for a 
good part of the year, a large proportion of the cases of the disease over 
a period of years occurred in a group of relatives in whom intermarriage 
was common. In some of these families, subsequent follow-up has 
revealed as many as 20 cases in the blood relatives of a patient. 

In the course of this study in Massachusetts and Vermont, 100 indi- 
viduals who had not had poliomyelitis themselves, nor had it occurred 
in their siblings, were chosen at random as a control. Only 5% of 
this group could cite single cases among their relatives. 

Since New England is an areaof comparatively high poliomyelitis prev- 
alence, the familial occurrence of the disease in a southern state, where 
the reported prevalence is low, has been studied with similar results.''^ 
Twins, Data concerning the occurrence of disease in twins have 
many times been used in studies of inheritance. Much can be learned 
from a comparative analysis of the incidence of a disease in similar and 
dissimilar twins, for if a condition is inherited, its incidence in both 
similar twins should far exceed its incidence in dissimilar twins. In 
Joslin’s^'' series of patients with diabetes (about 17,000), 48 pairs of 
twins suitable for analysis were found. Of these twins, 19 were similar 
in type, 29 dissimilar. In 12 of the 19 sets of similar twins, both were 
diabetic (G3%), whereas in only 2 (7%) of the 29 pairs of dissimilar 
twins did both tAvin.s liave tlie disease. 

Our poliomyelitis data include 9 sets of twins, of which 4 sets are 
known not to be identical, where 1 developed paralytic poliomyelitis; 

1 set (identical) where 1 developed paralytic and the other non-par- 
alytic poliomyelitis; 1 set (not identical) w'here both developed paralytic 
poliomyelitis; 1 set (girls) who both had non-paralytic poliomyelitis; 
and 1 set (identical) who both developed paralytic poliomyelitis. In 
the 4 instances where both twins developed the disease, it occurred at 
the same time. 

Double First Cousins, In the study of poliomyelitis in the relatives 
of 586 patients (with incidental additions from time to time as family 
histories have become available), exact relationships have been charted. 
On these charts there are 97 instances where 2 or more first cousins 
have had the disease, and 3 instances of double first cousins. In 1 of 
these, 2 brothers who had a first cousin with poliomyelitis married 

2 sisters who had an aunt, a first cousin (daughter of the aunt), and 
G other blood relatives with poliomyelitis. Two children of 1 of tlie.se 
inarriages had poliomyelitis in 1916, and 1 child of the other marriage, 
living in the same localitv but not born until 1919, bad poliornvelitis 
in 1921. 

There are two additional instances of double first cousins where 1 had 
poliomyelitis and the disease occurred in the children of the other; and 
2 instances where the disease is known in the grandchildren and great- 
grandchildren of double first cousins. In all of these instances, the 
disease is known in I or more other blood relatives. 

Also included in this category is an instance where a son by a prior 
inarriage and his father, with 1 other case in a relative, married' 2 sistens 
in whose relatives 9 cases wore traced. A child of the son and a grand- 
son of the father by the second marriage developed poliomvcliti<^ in the 
same city, I in 1910 and 1 in 1930. 
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Husband and Wife. From the fact that poliomyelitis is preponder- 
antly a disease of younger years, it would be expected that more than 

1 case in a family or household at adult age, as for example in husband 
and wife, would be exceptional. However, a number of instances do 
appear in our data in which the disease has occurred at adult age in 

2 members of a famiK\ The familial significance of these multiple 
adult cases lies in the fact that they are blood relatives— 2 cases in adult 
siblings, and 1 particularly illustrative instance where 3 cases occurred 
at the same time — in a child, his father and an adult sister of the father; 
the wife in the household escaping.** 

Table 1. — Occtjhrence of Poliomyelitis, Diabetes and Leprosy in Relatives 

OF Patients.'! 



Poliomyelitis. 

Diabetes. 

Leprosy. 

Consecutive cases studied 

. 5S6-f* 

523 

100 

Controls . . 

. 100 

153 


Patients with cases: 

In siblings ... 

. 109 

100 

28 

In parents ... 

. 4S 

86 

19 

In other relatives 

. 294 

110 

12 

Total patients with cases in all relativesf . 

314 

296 

59 

Total controls with cases in all relatives . 

5 

26 


Instances in twins: 

One or both 

9 

48t 


Both 

3 

14 


Identical twins: 

One or both 


19 


Both 


12 


Non-identical twins: 

One or both 


29 


Both 

1 

2 


Instances in husband and wdfe .... 

1 

02& 

sr 

In related husband and wife 

1 

j§ 

YesV 


* Because of a number of later additions and overlapping due to more extended 
studies of some of the original cases, the exact number of cases cannot be stated. 

t Patients are counted more than once if cases occurred in more than one category 
of relatives. 

t From records of about 17,000 cases. 

§ From records of about 1000 cases. (We arc indebted to Dr. Priscilla White for 
these figures.) No special attempt ivas made to ascertain relationships between 
husbands and -n-ives with diabetes. 

*' In the study bj' Hopkins and Denney” it is not stated whether conjugal ea.'-es 
arc blood relatives, nor is it clear that the development of the disease was “eonjugal” 
(marriage between patients already having leprosy are known); but in other studies 
(Rogers and Muir"'), eonjugal leprosy is e.xceptional. In the few instancc.s of con- 
jugal leprosy investigated by the author of the present iiapcr, the conjugal mates 
have been blood relatives. 

There are far more families where the 2 adult members are husbiind 
and wife (most often unrelated) than where the adults arc lilood rela- 
tives. In view of this circumstance, the striking rarity of conjugal 

** Of interest in this connection, wc find in the series of in.stnnces of iioliomycliti'' 
in parent and child 11 families with 20 ra.«es in the rel.atives of the parent who had 
the dbex^e. and only -1 families with 11 cases in the family of the parent wlm did not 
have the dLease. In .1 families, there were other cases in the family of the parent 
who had the dt-ca.“c, a*, well a.“ in the family of the one who did not have the ili'eTf-: 
but in .some there were interrelation.“hip“. 
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poliomyelitis (a phenomenon well known in leprosy) is in itself strongly 
suggestive of familial predilection. Moreover, in the 1 instance of 
simultaneous occurrence of the disease in husband and wife (in our 
records), which is discussed in the section on rural outbreaks, they were 
blood relatives. 

Comparison ‘With Other Diseases. As previously stated, the fre- 
quency with which the different categories of familial aggregation in 
poliomyelitis appear in this series is of the same general order as that 
observed for corresponding instances of other diseases in which heredi- 
tary influences operate. Available for comparison are the extensive 
studies of Joslin and his coworkers^'* on diabetes and similar studies on 
the familial occurrence of leprosy by Hopkins and Denney Corre- 
sponding figures for the three diseases are not always available and, 
due to differences in the methods of collection and analysis of data in 
the different series as well as certain discrepancies in the tabulations 
concerning poliomyelitis, exact comparisons are not always possible. 
Nevertheless, the relative frequency of the various categories of familial 
aggregation in three diseases, so widely different from an epidemiologic 
point of view', may be seen from the figures which have been assembled 
in Table 1 to be roughly comparable. 

Other Circumstances Suggestive of Familial Predilection. Other 
observations, which do not lend themselves to any statistical analysis 
but which are equally impressive to the investigator in the present 
connection, are the finding of blood relationships between cases in 
localized outbreaks and cases W'hich have been encountered consecu- 
tively in the course of various studies. 

Successive Cases. About 10 years ago, while on a few days’ visit to 
my home tow'n in Georgia, a local physician asked me to see a child he 
“thought” had poliomyelitis, although he had never encountered a 
case in his practice in the tow'n. The child had paralysis of the muscles 
of 1 leg and the diagnosis w'as verified. The mother of the patient, 
Avhom I had know'ii since childhood, had ahvays been lame w'ith what 
I supposed w'as “ wdiitc swelling.” The father Avas also lame as a result 
of an injury. At the time, it seemed only oddly coincident that all 
3 members of 1 family should be lame in the right leg— 1 from tubercu- 
losis of the hip, 1 from poliomyelitis, and 1 from an injury. 

A few years later, when I became interested in the familial incidence 
of poliomyelitis, it occurred to me that the mother might actually have 
had poliomyelitis. On a subsequent visit, I was able to make a posi- 
tive diagnosis by examination, and obtain the story that, in 1889, w'hen 
Mrs. P. was about 5 years old, she had an illness w’hich the doctor 
called typhoid fever, with the explanation that after a few days the 
fever settled in the leg and withered it. 

Another of the few cases in this small toAvn, Avhere poliomyelitis has 
been rare, occurred the same year. In my childhood, there* had been 
a colored boy who went about the streets in a goatcart, with atrophied, 
contracted and deformed extremities— poliomyelitis undoubtedly to me 
now. I located his father, Uncle Dad IMartin, still living and over 85, 
he thought. He could give but meager information, but after some 
difficulty in establishing dates the story pieced together was that the 
boy had been well until he was about 5 years of age, in 1889. He was 
suddenly seized and, as the old man expressed it, “He jes got stiff, and 
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den he got limber, and nevali did walk no mo’,” not too inaccurate a 
description of poliomyelitis obtained 50 years later, of rigidity of the 
spine, then flaccid paralysis and permanent disability. 

In 1935, in Asheville, N. C., for a day seeing an acute case of polio- 
myelitis with members of the city health department: a sister of tlie 
patient came into the room with a gait tj^pical of poliomyelitis, although 
the only diagnosis which had ever been made was that, as a small child, 
she had slipped on a rug and had been lame ever since. The family 
came from an adjacent rural county. Si.v months later, when passing 
through Asheville again, I encountered on the street a young man who 
was obviously an old poliomyelitic. The diagnosis was verified by 
e.vamination. His name was the same as the patients of G months 
before, he had come from the same rural section, and was a relative. 

In Raleigh, N. C., during an outbreak of poliomyelitis, two physicians 
in charge of a children’s institution, in the course of a discussion of 
precautionary measures, both happened to mention that poliomyelitis 



Chaht 1. — Poliomyelitis. Throe cases indicated by arrows were encountered 
consecutively. Their relationships to each other and to other cases !ls revealed by 
subscQUont investigation are indicated. Some of the cases occurring in earlier years 
were verified by examination, others arc included as cases of polioraj'clitis because 
of histories from which a diagnosis could be made with at least reasonable certainty. 


iiad occurred in their families, 1 in a daughter and tlie other in a sister. 
Tlieir first response to the suggestion that they were related was that 
there was no kinship, but soon it developed that the mother of tlie 
second jfatient was related to the first patient. 

The ne.Kt day in Greensboro, N. C., seeing an acute case, I learned 
that the child’s mother came from the same community as the two 
phy.sicians I had met in Raleigh and was related to tlieir families. 
I'pon further investigation, 13 other cases of the di.seasc were found 
among their relatives. These relationships are shown in Chart 1. 
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Isolated Rural Outbreaks. In the epoch preceding the era of bacterio- 
lojjic causation in disease, the prevailing view of leprosy, originating 
in studies of familial aggregation by Danielssen and Boeck in 1848, in 
an isolated and sparse focus of the disease in Norway, was that the 
disease was hereditary. The discovery of the Hansen bacillus in 1874 
“ threw a flood of light on the etiology of leprosy and revolutionized 
our entire conception of its epidemiology by displacing the then domi- 
nant and paralyzing hereditary theory of its origin by the now generally 
accepted and more hopeful infective one” (Rogers and Muir-^), 

These divergent concepts— heredity and contagion— derived at dif- 
ferent periods, not so much from conflicting observations as from resist- 
ing inferences evolved from the same kind of observations, were formed 
long in advance of precise knowledge of the fields into which they led. 
Turning back to the data from which these earlier concepts evolved— 
each doubtless influenced at the time by the ascendencj’^ of the field 
concerned — discrepancies in each and validities in both become appar- 
ent. The approval of either necessitates the rejection of valid evidence 
for the opposed theory as well as the acceptance of assumptions of 
doubtful worth in the theory favored. When the validities in the two 
conflicting hypotheses are reexamined in the light of advances in 
knowledge, they prove adjustable into a third and inclusive concept 
involving both contagion and hereditary susceptibility.’®'®-*" 

Similarly, in the epoch before the infection and its mode of spread 
became the central idea in its epidemiology, numerous studies of 
familial aggregation in poliomyelitis were interpreted as indicating an 
hereditary influence.’® 

As Hirsch’® pointed out in a discussion of hereditary predisposition 
in leprosy, “ The best ground on which to try this question is obviously 
afforded bj’’ the small, closely circumscribed, and therefore easily sur- 
veyed leprosy spots, with a fixed population subject to no change, where 
the state of health in the several families may be learned with the least 
possible trouble and followed with certainty through a long series of 
generations.” A number of rural outbreaks of poliomyelitis, in which 
the conditions conform to those prescribed by Hirsch as best suited to 
the study of familial predisposition, have been investigated. 

Taylor®® reported an outbreak of 7 cases of poliomyelitis in Cherry- 
field, Maine, in 1S9G; the second case was a brother of the first, and 
the third case was a cousin of the first and second cases. 

Wickman®' observed 54 cases during an extensive outbreak in Stock- 
holm in 1899: “In several families 2 or 3 cases were observed among 
cousins, brothers and sisters.” 

Blackhall, reporting G cases in Queanbergen, New South Wales, in 
1903-1904, observed that 2 cases were sisters and 2 were cousins. 

^ In an isolated rural outbreak observed by the author in Concord, 
Vermont, in September and October, 1922, a non-epidemic year, 
there were upwards of a dozen mild illnesses suspected as being 
abortive poliomyelitis, and 5 paralytic cases, all related, as shown in 
Chart 2. 

A rural outbreak in Newbury, Vermont, in 1923, reveals a similar 
relationship between all paralytic cases. No circumstance in common 
TOuld be established except residence in the .same locality (but not on 
ailjaccnt farms) and blood relationship between cases. 
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It was in this outbreak that the 1 instance of conjugal poliomyelitis 
(already discussed) occurred. For a number of years this circumstance 
was held as contrary to the idea of familial susceptibility,, until kinship 
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Chart 2 . — Relationship between 5 cases of paralytic poliomyelitis occurrinc in an 
isolated rural outbreak of the disease and relationships to other cases at other times 
and in other localities. 


between husband and wife came to light through tracing relationship 
of a later case in another part of the state to both of them (Chart 3). 

An isolated rural outbreak in New York State in 1940, reported by 
Langmuir,*' is of particular interest in the present connection Ijccaiise 
of the fact that through virus detection studies carried out by IMcClure, 
the pattern of vims distribution in the outbreak was actually determined. 

Following this outbreak, the virus of poliomyelitis was detected in a 
number of members of each of 4 families, usually the majority, by 
inoculation of fecal specimens into monkeys. In 3 of the famiiie.s, 
paralytic cases occurred and in all 4 families involved there were non- 
paralytic or milder suspected abortive illnesses at the same time; while 
some of the members of each family remained well. The virus was 
detected not only in paralytic, non-paralytic and suspected abortive 
cases, but in healthy members of the families as well. 

As revealed by a subsequent investigation with Drs. Langmuir, 
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McClure and Korns, relationship was established between 2 of the 
families in which 4 of the paralytic cases occurred, and probable rela- 
tionship between these and the fifth paralytic case. All these cases 
carried the same family name, which probably traced back to 2 brothers 
who originally settled in the community but whose family lines have 
remained apart. 



Chart 3. — Rxiral outbreak of 7 cases of paralytic poliomyelitis in Vermont and 
4 cases in New Hampshire occurring at the same time, showing relationships between 
cases and to other cases at other times and in other localities. 


There are many imperfections in any statistical approach to a study 
of familial susceptibility to disease, chief among which are discrepancies 
in the data which are available or which can be obtained with reference 
to the past. The ideal would include not only extensive genealogies of 
cases and controls, but a complete record of the occurrence of the dis- 
ease in them. Furthermore, in contrast with studies of conditions 
manifest at birth, such as albinism, completeness would require that 
all individuals in the genealogies had lived beyond the age at which the 
disease usually manifests itself, or that e.xposure to the environmental 
factor by which susceptibility is expressed has occurred. And to do all 
this would involve the recording of the various pertinent events as they 
occurred over long periods of time. 

Except in hereditary conditions which are manifest early or are out- 
standing, as for example hemophilia or albinism, the questionnaire- 
history method of collecting the data is highly unsatisfactory, for the 
reason that a sufficient span of time, memory or knowledge is'not often 
encompassed by the informant. The average person not only has a 
more or less restricted acquaintance with his family line, but an even 
inore discrepant knowledge of the occurrence of disease in its members. 
The difficulties in ascertaining the facts concerning disease in relatives 
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of patients other than members of the same household by the question- 
naire-history method are impressed on one by the frequency of a prompt 
“No” to the inquiry as to occurrence in relatives and the turning up, on 
further investigation, of even a number of cases in relatives. 

Paralytic poliomyelitis has certain features which make it possible 
to pursue the study of its familial occurrence far beyond the simple 
history-questionnaire procedure. In the first place' since it is a rela- 
tively uncdmmon disease, familial concentration is more easily detected 
than in a fairly common disease- Furthermore, it occurs for the most 
part at an early age, so that it is not necessary to await the completion 
of a life span for histories of individuals, and thus the investigation can 
be contemporarj’- to a greater extent than is the case in studies of disease 
in older persons, as for example cancer. Finally, paralytic poliomyelitis 
leaves permanent and easily recognized effects by which it can be identi- 
fied in the indi'sndual at any time subsequent to the attack. 

The following family history, not in itself particularly suggestive of 
any familial tendency, well illustrates the failure of the history method 
and success bj- de^nous methods whieh are made possible by the charac- 
teristics of poliomyelitis. 

Three children in 1 family had poliomyelitis in Cambridge, Mass., in 
1931. A few years later, when making familial studies, this family 
stated that there were no cases of poliomyelitis in any known relatives, 
no matter how distant. But on pressing the question as to lameness or 
crippling disease of any sort in any member of the family, the reply 
was, “Nothing like infantile paralysis.” It was then stated that there 
were 2 cousins who had been crippled many years ago— the family 
could not remember the year. But when it was learned that these 
cousins lived in Cherryfield, Maine, and the family was told of the 
outbreak of poliomyelitis there in 1896, they were able to verify the 
guess that the 2 cousins became crippled that summer. 

The names of the individuals coincided with the initials of 2 of the 
cases in “An Epidemic of Poliomyelitis” reported by Dr. J. Madison 
Taylor.^ In this report a case was also found in a third cousin, never 
mentioned by the family. Thus 3 cases were verified where none was 
obtained by the history method. 

By 1942, something had recalled to the mother of the Cambridge 
family that still another cousin in Cherryfield had also had the disease 
about the same time — Wiis still living there and was lame. In reply to 
an inquiry, this individual wrote on .lanuary 12, 1942: “I did not 
have the disease, although my cousin may have so considered, as I 
have a shortening of the right leg due to osteomyelitis at age 15, about 
three years after the infantile paralysis epidemic.” 

The details of this negative history are included to show that the 
building up of family histories has not been a matter of including nny 
lameness thought to be poliomyelitis, but to illustrate how, through 
additional verification of diagnosis, poliomyelitis has been included and 
lameness due to other diseases equally well excluded. 

Summary. In the light of widespread dissemination of the virus, 
which can be held as a more or less fixed variable in the distribution of 
the paralytic disease, the familial aggregations of i)aralytic polioniyelifi' 
reviewed in this paper are indicative of familial su.sceptiljility to jjar- 
alv.si.s. This conclusion is warninted not .so much because of the 
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significance of these sets of observations taken singly, but because 
they are found with the relative frequency which would be expected if 
a familial factor were operative. 

The observations included here do not represent so much a pre- 
planned study of familial susceptibility to poliomyelitis as familial 
aggregations of the disease which have been encountered in the course 
of a general epidemiologic study. The idea of assembling^ such data 
lias resulted more largely from the impressiveness of the experience of 
returning to a locality to see a child whose parent had been seen a good 
many years before as a child with the same disease. The familial 
aggregations reported here are enough to warrant the inclusion of 
similar studies in systematic epidemiologic investigations. 

The intensity with which hereditary susceptibility is exhibited in the 
distribution of' the disease, as indicated by these studies, clearly is not 
sufficient to afford any basis in itself for control measures, but rather 
forms a background for a study of the' nature of individual suscepti- 
bility to paralysis; and suggests that the search for predisposing causes, 
long centered on immediately precedent environmental eircumstances 
such as sanitary conditions, stresses, strains and injuries, nutrition, and 
so on should include conditions inherent in the constitutional makeup of 
the individual. W. Lloyd Aycock, M.D. 
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The Metabolism of Alanine Containing C'^. S. Gurin and D. 
Wright Wilson (Department of Physiological Chemistry, University 
of Pennsylvania). has all the chemical properties of ordinary 
carbon but its atomic mass is slightly greater. For this reason, 
it may be detected by a mass spectrometer whenever it is in suffi- 
cient concentration. YTien a compound containing sufficient C'^ is 
fed, the may be followed through the body, a procedure which 
has been called the feeding of tagged elements. Following tagged 
elements through various compounds in the body may show what 
changes the fed materials undergo during metabolism. The method 
constitutes a very valuable aid in the study of intermediary metabolism. 

We have sjmthesized alanine containing excess C'® in the carbo.xid 
group. When this alanine is fed to a phlorhizinized rat, a large amount 
of glucose is excreted which has been thought to come directly from 
the alanine. However, the glucose contains a very small amount of 
This proves that most of the sugar of the urine is formed not 
from the alanine fed but from other sources in the body. 


Respiratory Reflexes from the Limbs. J. H. Comroe, Jr, and C. F. 
ScHJiiDT (Department of Pharmacology, University of Pennsylvania). 
Since Nielsen has shown that muscular exercise can increase greatly 
minute volume of respiration without any detectable change in arterial 
CO 2 , O 2 or pH, we attempted to demonstrate the presence of (a) chemo- 
receptors or (b) stretch receptors in the limbs ciipable of stimulating 
respiration reflexly. Repeated and varied attempts to discoi'cr chemo- 
receptors activated by physiologic stimuli all failed, although reflex 
hyperpnea was produced by injection into the femoral artery of chemical 
substances in concentrations beyond physiologic limits (acids, KCl, 
phosphate buffers pH 6.4, 6.1). 

However, movements of the limbs in anesthetized dogs regularly 
produced hyperpnea. In 11 dogs, aetive movements of hind limbs 
(produced by anterior root stimulation) increased respiration 02%, 
and in 17 dogs passive movements increased respiration 50%. Merc 
flexion of the limbs often produced h^'perpnea equal to that following 
rapid, alternating fle.xion and e.xtension. In 70% of 33 normal human 
subjects, passive movements of one leg produced an increase of more 


than 30% in respiratory minute volume. 

These changes were shown to be due to reflexes for denervation of 
the limbs in dogs abolished the responses even though the artery and 
vein were intact, and, in man, .spinal anesthesia in 5 subjects greatly 
reduced or abolished the hyperpnea. In dogs, the receptors for tins 
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reflex lie in or around the joint for procainization of this region abolished 
the response even though the leg museles were still intact. It is probable 
that a large portion of the hyperpnea of muscular exercise in man is 
referable to reflexes arising from proprioceptors in the joints. 


Dark Adaptation of Single Visual Nerve Cells. H. K. HaiItline and 
R. McDonald (JohnsonFoundation and Departmentof Ophthalmologj'', 
University of Pennsylvania). The ability of the eye to adjust itself to 
widely different levels of illumination is a property inherent in its receptor 
elements, ^^his property has been studied by direct observation of the 
discharge of nerve impulses in single optic nerve fibers from the eye of 
TAviuhis. During prolonged steady illumination the frequency of the 
discharge initiated by a visual receptor cell declines from its initially 
high value to a lower level. This ma}' be ascribed in part to the bleach- 
ing of the photosensitive substance primarily responsible for sensitivity 
to light. The sensitivity of the receptor does not decline to zero, 
however, and impulses continue to be discharged at a uniform rate 
during very long exposure to light. This may be ascribed to a “back” 
reaction which keeps the supply of photosensitive material replenished. 
When the light is turned off this “back” reaction, unopposed by 
photolysis, leads to a recovery of sensitivity of the receptor cell. This 
recovery during dark adaptation may be followed by recording at 
intervals the discharges of impulses elicited by a short test flash of 
light. The recovery of sensitivity is initially rapid and approaches 
the dark adapted level asymptotically. The higher the intensity of the 
preceding light adaptation, or the longer its duration, the greater is 
the loss of sensitivity measured at the beginning of dark adaptation, 
and the slower the rate of recovery. Quantitatively the curves resemble 
those obtained by subjective measurements on human subjects. 


Cell Division.* Warren H. LEms (Wistar Institute of Anatomy and 
Biology, University of Pennsylvania). The coniraciilc tension which pro- 
toplasm automatically exerts when in the gel state plays important roles 
in cell division. Active cells have a superficial gel layer and a less viscous 
endoplasm. The gel layer, the motor organ of the cell, undergoes local 
changes of viscosity and corresponding local changes of contractile 
tension which may result in alterations of cell form, in locomotion, or 
in cell cleavage. During prophase, pseudopodia retract and cells tend 
to become spherical. Increased viscosity (increased contractile tension) 
of the gel layer of pseudopodia accounts for their retraction. The 
spherical condition is due to a uniform viscosity of the gel layer. During 
inctaphase, the cell becomes approximately bilateral with the chromo- 
somes in the equatorial plane. As the chromosomes move to the poles, 
the cell flattens in the equatorial region, due to increased contractile 
tension of a broad equatorial band of the gel layer which has become 
more viscous. Then follows the equatorial constriction, which deepens 

• motion picture demonstration. 
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until the cell is divided except for a connecting stalk. The constriction 
is due to the contraction of a narrow equatorial band of the gel layer 
which has become still more viscous. Changes of viscosity of cytoplasm 
and nucleus are probably responsible for other visible phenomena of 
cell division, such as the appearance of chromosomes in prophase, their 
movements in late prophase, metaphase and anaphase, and bleb forma- 
tion duritrg anaphase. The factors responsible for local changes of 
viscosity, the formation of the gel layer, and the less viscous condition 
of the endoplasm are unknown. 
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REDUCTION OF INDUSTRIAL ABSENTEEISM BY PRESEASONAL 
IMMUNIZATION AGAINST CATARRHAL ILLNESS. 

By M. R. Brady, M.D., 

LONDON, ENGLAND. 

Modern war coDditions exact an unparalleled strain on the 
physical and mental energ}" of industrial workers. Highly skilled 
jnen work long hours with reduced vacation, and, in many cases, 
with a limited range of protective foods. The detrimental effect of 
industrial absenteeism on the National effort needs no emphasis. 
Cope' suggested that 1 ,000,000 workers in Great Britain lose 1 day's 
work every year owing to the common cold, and Stowell,® in Imperial 
Chemical Industries, reported that of 75.2% absentees from all 
illness, 51.6% was due to catarrhal conditions. 

Before describing the methods used in an endeavor to reduce 
absenteeism due to catarrhal illness in a large industrial undertak- 
ing, it would be well to refer to previous work in the same field. 
In 1920 Leishman had 15,624 men in the British Army inoculated 
with mixed anti-influcnaa vaccine containing Pfeiffer’s bacillus, 
pneumococcus and streptococcus. Of those inoculated the incidence 
of attack of influenza was 14.1 per 1000 as against 47.-3 per 1000 for a 
group of 45,520 uninoculated. Pulmonary complications were 1.6 
per 1000 as against 13.3 for the uninoculated. 

In 1931, Stowell,^ using an antigen somewhat similar to that 
used in this experiment, inoculated part of tlie staff of Imperial 
Chemical Industries. He reported that the percentage of inoculated 
persons who lost time owing to catarrhal condition as 35.3, while 
the corresponding percentage for uninoculated was 51.6%. 

In recent years re.search has been focused on the virus field. The 
work of lAancis in Ainerica was confirmed by Smith, Andrews and 
].aidlaw iu England in 1933. The etiology of that collection of 
diseases whicli was labelled “flu” seemed to be settled, until later it 
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was discoA’ered that the clinical influenza did not always produce 
the virus when infected material was injected into ferrets. [This 
is chiefly significant as emphasizing the difficulty in differentiating 
“clinical” from what is now widelj’^ accepted as the real disease, 
especially in sporadic cases.— Ed.] The Medical Research Council 
reported, however, that in the 1936-37 influenza epidemic no diffi- 
culty was experienced in recovering the virus from typical cases, 
the ferret being employed for the purpose. American workers in 
1934 reported that the mouse could be infected with ferret-passage 
virus. The infection of a mouse direct with human material was 
not successful. British and American workers have confirmed that 
different strains of influenza virus (A and B types) exist and this is 
probably responsible for the disappointing results experienced in 
employing the virus for prophylactic immunization. Reviewing 
this report and previous work, the British Medical Journal in 1938- 
stated “So far as the effective immunisation of man is concerned, no 
great advance is reported.” 

Stock bacterial ■vaccines prepared for the pre\'ention of influenza 
and the common cold have, in many cases, given disappointing 
results, and this in turn is probably due, at least in part, to the mul- 
tiplicity of strains of the microorganisms associated with the common 
cold, such as the streptococcus. American workers have typed 
several hundred strains. [According to recent concepts, a mild 
virus infection prepares the way for bacterial secpielm that are the 
causes for “absenteeism” in the case of the common cold, at least; 
in real influenza their effect seems to be less requisite, though by 
no means clearly defined as yet. For the common cold, however, 
there seems to be adequate rational basis for the prophylactic use 
of bacterial vaccines.— Ed.] 

Bearing these factors in mind, Stowell,^ in 1931, used what he 
described as a “mass autogenous vaccine” when inoculating the 
Staff of Imperial Chemical Industries, and I have since employed 
similar methods in several large industrial undertakings. 

Methods. Tlie endeavor now reported was carried out in Pyc Hadio 
Works, Cambridge. The factory^ einplo 3 'ed over 1800 peo])Ie and 9.i0 of 
these volunteered for inoculation. Before the vaccine was prepared several 
visits were made to the factoiy and cultur&s were taken from those suffering 
from acute colds. Warmed culture media was used and put directly into 
an incubator. Those sufTering from colds immediateh’ before or during the 
administration of the inoculations were regarded as carriers and treated 
with autogenous vaccines. Cultures were also taken from the more su'- 
ccptible jxir.^ons in the factorj', and in this way a great varieW of local strains 
was obtained. In tlie manufacture of the mass vaccine scnipiilous attention 
was paid to bactcriologic details. Apart from the numerous stniins of micro- 
organisms isolated at the factory, we were fortunate at having in the Labom- 
torics, main- strains from other .sources. Infinite care was taken in ty[)ing 
the different microorganisms, the aim being to make the finisfitfl vaccine a- 
jsih’valent ns liumanh- jKissible. Tho-e who volunteered for inoculation 
were divided into three groups; 
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A. Those who were subject to occasional colds but were otherwise nor- 

B. Those who were extraordinarily susceptible to colds during the 

winter. 

C. Those having respiratory affections or colds. _ _ _ 

Those in group A were inoculated with the mass vaccines containing 

’ strains of the following organisms: staphylococci, streptococci, micrococci, 
pneumococci, Pfeiffer’s bacillus, Friedlander’s bacillus. Four doses were 
given at weekly intervals, the first dose containing 125,000,000 micro- 
organisms and the final 1,000,000,000. 



CiiAiiT 1. — Absenteeism per 1000 in three groups of employees. 

The initial dose for the susceptible in Group B was one-tenth of that given 
to the normals in Group A. The treatment for both consisted of 6 doses, the 
final dose being 1 ,000,000,000. 

Those in Grouji C were treated with autogenous vaccines, S to 12 doses 
being administered according to results oliseiwed. 

_ Some of those in Groups A and B contracted colds during the inocula- 
tions and were transferred to Group C and treated with autogenous vac- 
cines. the new strains being added to the mass vaccine. 

Doses were carefully graduated in order to avoid reactions and it was 
found generally that those who did not react to the initial dose finished the 
course without incident. Those in Groups A and B who reacted to the 
lirst dose were given a reduced dose on one-tenth the .strength for tlieir 
next injection and }nit on a C-dose course. 
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The results of the inoculations, completed in January, 1941, were 
carefully recorded by the factory matron and works manager. Be- 
fore commenting on results, it should be mentioned that if inocula- 
tion is offered to a large group of people, those predisposed to colds 
will naturally be more inclined to come forward and this undoubtedly 
affects the results when comparing inoculated and non-inoculated ' 
groups. The first results caused disappointment as they recorded 
the incidence of “ colds ” as unfavorable to the inoculated group, the 
final figures in “C” not being available until later: 


Table 1. — Colds Reported J.^^nuary-March, 1941. 


Inoculated 

group. 

Number in group 950 

A. Colds reported 217 

B. Cases of influenza . . • 47 

C. Days lost, colds and “flu.” 558^ 


Uninoculated 

group. 

913 

123 

55 

814.J 


Before interpreting these figures, it should be noted that those in 
the inoculated group were instructed to report the slightest sign of a 
cold, while those who refused inoculation would, of course, be less 
inclined to report. Nevertheless, the figures are worth recording as 
they clearly indicate that those inoculated contracted an undimin- 
ished number of colds and influenza, but the se^'erity of the attack 
was much less than those who were not inoculated. This is clearly 
shown in “C.” 

The number of days lost in both groups in the factory were 
recorded and absenteeism was e.\'pressed as a percentage of the total 
possible working days: 


Table 2. — Absenteeism From Colds and Intlcenz.v in Uninocvlated and 
Inoculated Groups From January to March, 1941. 

Inoculated Uninoculated 

group. group. 


Number in group 950 

Total possible working days 72,200 

Number of days lost 558 

.Vbsenteeism 773% 

Reduction in number of dajTi lost 34.1% 


913 


09,3.88 

814 


1 . 173% 


It Avill be noted that the inoculated group shows a reduction of 
34.1% in the number of days lost, compared with those who rcfu.scd 
inoculation. 

The figures for absenteeism were recorded in the factory over the 
same period in the previous year. Although there were GGO Ic.ss 
employees than in 1941, the actual number of days lost was much 
greater in 1940. It should, of course, be remembered that nation- 
ally no epidemic was reported in 1941. 


Table 3. — Total Absenteelsm in Factory Fro-m Colds and I.vn.uENZt i 
January to March. 1910, Compared With 1941. 


1940. ICO. 

Number in factory . . 1197 

Tot.al possible working days . . 90,972 

Numlier of days Io»t . . 2215 

AK-enteoism 2.108% _ .9o9% 

Reduction in numlior of days Io«t . . 00.7% 

* Of these, 9.10 were immunizeri. 
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Absenteeism was recorded at the factory eacli month from Janu- 
ary to March and it was found that the peak was readied in Febru- 
ary in both inoculated and uninoculated groups. Comparing these 
groups with the 1940 uninoculated group, it was found that although 
the rate of absenteeism per 1000 was much greater in 1940 than in 
the inoculated and uninoculated groups in 1941, the curve of 
absenteeism in all three groups was similar in these months. ^ 

Conclusions. In a large chemical factory 950 persons were inocu- 
lated with a mixed anti-influenza and common cold vaccine contain- 
ing local strains. Absenteeism due to catarrhal illness in this group 
compared with an uninoculated group showed a reduction of 34.1% 
in the number of days lost. 

The total absenteeism from catarrhal illness in the factory in 
1941 was compared with that of the previous year and a substantial 
reduction in the number of days lost was recorded. 

The rate of absenteeism per 1000 was recorded for three groups 
from January to March in 2 years and the peak absenteeism from 
catarrhal illness in each group was found to occur in February. 

I must express my thanks to the management of Pye Radio Ltd. for the facilities 
placed at' my disposal, and for the accurate way in which the I’csults were recorded. 
I am also indebted to the technical staff of The Antigen Laboratories for their ardu- 
ous work in the typing of many hundreds of microorganisms and the preparation of 
the vaccines. 

REFERENCES. 

1. Cope, V. Z.; Brit, Med. J., 1, 523, 1941. 

2. Epidemic Influenza, Ibid., 1, 1008, 1938. 

3. Stoweu., T. E. a,: Ibid., 2, 985, 1931. 

4. STUAiiT-HAnnis, C. H., Andrewes, C. H., and Sjuth, W. (with others) ; Med. 
Res. Conn., Spec. Rept. No. 228, 1938. 


INFARCTION IN HEART DISEASE. 

By Curtis F. Garvin, M.D., 

ASSISTANT rnOFESSOn OF MEDICINE, WESTERN RESERVE UNIVERSITY SCIIOOI. OF 
.medicine; VISITING PHYSICIAN, MEDICAE SERVICE, CLEVEI.AND CITY HO.SPITAI., 

CI.EVELAND, OHIO, 

(From the. Department, of Medicine of Cleveland City Hospital and the Western 
Reserve University School of Medicine.) 

Tiiu paucity of information concerning the incidence of embolic 
manife.stations in heart disease has been pointed out by Weiss and 
Davis.^ Since absolute difl'ereutiation between vascular embolism 
and thrombosis was not always possible, they presented embolic 
manifestations as infarcts. Believing that “ rheumatic heart disease, 
more than any other type of heart disease, is responsible for embolic 
manifestations,” they analyzed 1G4 cases in which death was caused 
by rheinmntic heart disease. They found infarction of one or more 
organs in 7.3 cases, an incidence of 4.5%. In 41 instances, one; in 
22 instances, two; and in 10 instances, three or more organs were 
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involved by single or multiple infarcts. The organs in\-ol\-ed were: 
lungs, 31; brain, 28; kidneys, 25; spleen, 18; extremities, 10; intes- 
tines, 5; and liver, 1. 

The present study deals with the incidence and the factors influ- 
encing the occurrence of infarcts in 771 consecutive autopsied adult 
patients in whom heart disease was the chief cause of death. These 
cases occurred in G285 consecutive autopsies done at the Cleveland 
Citj’- Hospital from January, 1930, to July, 1939, inclusive. 

Three hundred and fifty-four (45.9%) of the 771 patients had 
one or more infarcts in the lungs, brain, kidnej^s, spleen, extremities 
and/or intestines. The incidence of infarction of one or more of 
these viscera in the various types of heart disease is shown in 
Table 1. Subacute bacterial endocarditis was most frequently asso- 
ciated with infarction (80%); coronarj" artery disease with myo- 
cardial infarction about 60%. Coronary artery disease without 
myocardial infarction and rheumatic heart disease were about alike 
(approximately 50%). The incidence of infarction in hypertensive 
heart disease and syphilitic heart disease was about 40%, and this 
complication was uncommon in cor pulmonale. 

Table 1. — The Number of Cases of the Various Tites of Heart Disease and 
THE Number and Per Cent of Cases Having O.ve or More Infarcts in the 
Lungs, Brain, Kidneys, Spleen, ExTRE^aTIEs, and/or Intestine. 


T>T)e of heart disease. 

No. of 
cases. 

No. \\\Xh 
infarcts. 

%. 

Subacute bacterial endocarditis 

30 

24 

80.0 

Coronarj' artery disease with myocardial 
infarctions* 

133 

79 

59.4 

Coronarj' artery disease without myocardial 
infarctions* 

94 

49 

52.1 

Rlicumatic heart disease 

110 

50 

48.3 

Hs'pertensive heart disease 

147 

02 

42.2 

SiTihilitic heart dise.ase 

07 

25 

.37.3 

Cor pulmonale 

50 

5 

10.0 

HMiertensivc heart disease complicated by 
various tj^pes of heart disease 

15 

o 

.3.3.3 

.\cute bacterial endocarditis . . - . 

13 

9 

09.2 

Hypertensive heart disease and rheumatic 
heart disease 

13 

S 

01.5 

Coronarj- arterj' disease without myocardial 
infarction complicated by various types 
of heart disease 

10 

4 

•10.0 

Calcific stenosis 

S 

3 

'.it if 

ThjToid heart disease 

.S 

0 

0.0 

Obliterative pericarditis 

7 

0 

0.0 

Tuberculous pericarditis ... 

7 

0 

0.0 

Coronary arterj’ disea.se with mj’oeardial in- 
farction complicated hj’ a varietj’ of tj’pcs 

5 

5 

100 0 

Undiaimoscd 

31 

11 


Miscellaneous 

14 

0 

42.0 


771 

35-1 

45 9 


* Wlicthpr thfrc was .associated Iij-pcrtensivc lieart dL«c:i?e or not made no apprc 
ciatile difTerence. 
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Table 3. — The Number of Cases of Various Types of Heart Disease, akd the 
Number and Per Cent of These Having Infarcts in One Only, Two Only, 
AND Three or More Organs. The Organs Considered Are the Lu.vgs, 
Brain, Kidneys, Spleen, Intestin'es anti Extremities. 


Type of heart disease. 

Subacute bacterial endocarditis, 30 

cases 

Coronary artery disease with myocar- 
dial infarction,* 133 cases 
Coronary artery disease without m 3 'o- 
cardial infarction,* 94 cases . 
Rheumatic heart disease, 116 cases 
Hypertensive heart disease, 147 cases 
SjTihilitio heart disease, 67 cases . 

Cor pulmonale, 50 cases .... 
Remainder, 134 cases 

Total, 771 cases 


Infarction of 
one organ 
only. 

Infarction of 
two organs 
onlj'. 

Infarction of 
three or more 
organs. 

No. 

%. 

No. 

%■ 

No. 

%. 

4 

13.3 

13 

43.3 

7 

23.3 

46 

34.6 

■ 20 

15.0 

13 

9.8 

2S 

29. S 

IS 

19.1 

3 

3.2 

32 

27.6 

15 

12.9 

9 

7.S 

43 

29.3 

16 

10.9 

3 

2.0 

21 

31.3 

4 

6.0 

0 

0.0 

5 

10. 0 

0 

0.0 

0 

0.0 

30 

22.4 

IS 

13.4 

6 

4.5 

209 

27.1 

104 

13.5 

41 

5.3 


* Whether there was associated hj-pertensivc heart disease or not made no appre- 
ciable difference. 

Summary. Of 771 consecutive adult autopsied patients dead of 
heart disease, 354 (45.9%) had one or more infarcts in the lungs, 
brain, kidneys, spleen, extremities and/or intestines. Subacute bac- 
terial endocarditis was the tj^pe of heart disease most frequently 
associated with infarcts of the viscera, 80% of the cases showing 
this complication. In coronary arter,i" disease with myocardial 
infarction, about 60% of the cases had one or more infarcts in the 
lungs, brain, kidneys, spleen, extremities and/or intestines. Coro- 
nary artery disease without myocardial infarction and rheumatic 
heart disease were about alike, approximately 50% of the cases 
showing one or more infarcts. The incidence of infarction in hyper- 
tensive heart disease and SY^philitic heart disease was about 40%, 
and this complication was uncommon in cor pulmonale. 

Of the 771 cases, the lungs were involved by infarction in -^;7% 
of the cases, the kidney 17%, the spleen 11.7%, the e.vtrcinities 
2.6% and the inte.stines 1.7%. There was infarction of the brain 
in 17.6% of 432 e.xaminations. The highest incidences of infarc- 
tion occurred in subacute bacterial endocarditis (kidney, 70%; and 
spleen, GG.7%). 

The percentage of cases with one organ infarcted was 27.1, with 
two organs infarcted 13.5, and with three or more, 5.3. The highest 
incidence of infarction of imiltipJe viscera was in subacute bacterial 
endocarditis, GG.G% of the cases having two or more organs infarcted. 


REFERENCE. 


(I.) Weiss, S., aii<l Davis, D.: .\m. Heart .1., 9, 19,3.3. 



as^iipple: hemoglobin and plasaia proteins 


477 


HEMOGLOBIN AND PLASMA PROTEINS: THEIR PRODUCTION, 
UTILIZATION AND INTERRELATION.* 

By G. H. Whipple, M.D., 

PnOFESSOR OF PATHOLOGY, THE UNIVERSITY OF ROCHESTER SCHOOL OF MEDICINE 

and dentistry, ROCHESTER, N. Y'. 

(From the Department of Pathology, The University of Rochester School of Medicine 

and Dentistry.) 

It is a truism to say that protein production is a very complex 
reaction which must depend upon cellular activities. In the study 
of hemoglobin and plasma proteins, we have used the stimulus of 
depletion. In all this work we have been impressed by the alacrity 
with which the body can supply a needed protein. This suggests 
reserve stores of protein building material and a ready “give and 
take” between protein stores under the stress of emergencies, e. g., 
depletion or fasting. We have used the term “ dynaviic equilibrium” 
to indicate this ebb and flow of protein between cells and plasma 
which goes on so readily with little delay and with little or no loss of 
nitrogenous materials. 

Recently Madden and Whipple^® have reviewed much of the 
experimental work related to the plasyna proteins. A general review 
does not seem appropriate at this time— rather a presentation of 
work and conclusions published from this laboratory, attempting 
to mold all these observations into a single thesis which may have 
some interest to the physician who is concerned with the treatment 
and study of anemia, protein deficiencies, shock, and tissue injury. 

Methods, It is not necessar3’- to give details which are published else- 
where but it is well to emphasize that all these observations relate to dogs 
which are healthy and active but present some departure from the strictly 
normal dog— anemia, plasma depletion, bile fistula, Eck fistula. Anemia 
is produced by withdrawal of blood from veins mainteining the anemia level 
relatively constant, usually G gm. hemoglobin per iOO cc. blood. Plasma 
depletion is effected by bleeding followed by a return of washed red cells to 
maintain the red cell hematocrit close to 45% and the plasma protein level 
about 4 gni. per 100 cc. Plasma depletion and anemia are comliined in 
some experiments. The bile fistula dogs drain all bile from the common 
duct cither into a sterile bag or into the renal pelvis and urine. They can 
he kept in perfect health for years on the proper regimen.^^ The Eck fistula 
diverts all portal blood to the inferior vena cava and presents an atrophic 
liver which at times may present interesting abnonnalities in plasma protein 
production. Those dogs with pro])cr care and diet live in health for years. 
These dogs are essentially biologic testing machines by which we can measure 
the capacity of the body to produce hemoglobin or plasma proteins or both, 
the production of bile pigment as related to hemoglobin, or the output of 
various plasma proteins as influenced by a subuonnal liver (Eck fistula). 

•' Hemoglobin Production. It has been well established that hemo- 
globin })roduction in anemia can be controlled by dieri'*'— more 

* .V considcmble pnrt of this p.-ipcr w-.n-s presented in the .Sixteenth P.istcur Lecture 
civen l>efore tlie Institute of Medicine of Ghicapo, November 2S, 1911. 
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specifically that iron and protein stores or intake are the essential 
factors. _ It is_ not difficult to shon' that strict control of the iron 
intake will limit the hemoglobin production in the standard anemic 
dog.‘‘^“ Also by limiting the 'protein intake in anemia the hemoglobin 
production can be reduced.^' The pigment radicle of hemoglobin 
is thrown away when red cells are destroyed or hemoglobin intro- 
duced into the circulation in bile fistula dogs.i" This peculiar 
response has been carefully studied and though a wasteful reaction 
must be accepted as a fact — an indication that the dog can produce 
the pyrrol ring with great ease.^" 

As anemia can be controlled by diet and iron in the healthy dog, 
it is probable that the same holds true for anemia due to blood loss 
in man (gastric ulcers, uterine bleeding, hemorrhoids and so fortli). 
These diet factors have been noted previousl}"^*” but it maj" be stated 
that cooked or raw liver heads the list of potent food materials, then' 
come kidney, stomach and pancreas, bleats are below these vis- 
ceral proteins. Prunes, apricots and peaches are unusually potent 
and the potency resides largely in the ash.^ Vegetables, dairy 
products, fish and many fruits are relatively inert for new hemo- 
globin production in anemia. 

Minerals have been studied in relation to hemoglobin production 
in anemia. Iron is a part of the hemoglobin molecule and obviously 
must be a factor. One gram of hemoglobin contains 3.5 mg. of 
iron and when colloidal iron is given by vein to a standard anemic 
dog, we expect to recover 1 gm. new hemoglobin for every 3.5 mg. 
iron injected. VTien iron is fed, the story is very different and the 
absorption of iron at best is poor and when there is no need for iron 
the intestinal mucosa does not accept iron salts.” We have been 
unable to detect any constant difference in soluble forms of iron as 
to their usefulness in anemia in dogs— ferrous or ferric salts, iron 
oxide, or reduced iron, all react alike in the dog and we suspect the 
same is true for man. Cobalt has been much studied® but appears 
to have little effect upon hemoglobin production. Copper has been 
studied in many laboratorie.s®-®-” and under certain conditions does 
have an effect upon hemoglobin production in e.\periraental anemia. 

Vlien hemoglobin wears out or dies in the circulation as the red 
cells go to pieces, we may ask is there a resurrection? The answer 
is probably Yes. We know that the iron is treasured by the body 
and only traces escape by way of bile and urine.” The glohin i.s 
saved in large part and probably is used over again to form new 
hemoglobin or to supply some other protein needs of the b(^y. 
Foreign globin or hemoglobin (goose, sheep, horse) can be utilize^! 
to form new hemoglobin’® when given by vein to a standard anemic 
dog— indicating a significant- cleavage and recasting of the intrf>- 
duced globin into flog globin. This turnover of introdnccfl or 
destroyed hemoglobin into new hemoglobin is very rapid and re- 
quires only a few hours or days depending upon the amount of 
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heinogloliiu involved and severity of stimulus (depletion). We 
suspect tliat globin in an emergency should contribute to the build- 
ing of new plasma protein in a plasma depleted dog but can get no 
evidence for such a response. The metabolic pattern does not 
allow this but does permit the fasting dog to utilize introduced 
hemoglobin or hemoglobin digests to- supply other protein require- 
ments. 

Hemoglobin production may be modified in various ways in these 
standard anemic dogs. Infection may profoundly cliange the e.\- 
pected response to liver feeding— in fact the hemoglobin output 
may fall to zero instead of the expected 90 to 100 gm. hemoglobin.®^" 
This has been observed in association with endometritis and sterile 
abscess production. Nephritis in the late stages causes only moder- 
ate impairment of hemoglobin production.^®" The Eck fistula usu- 
ally permits normal hemoglobin production. The bile fistula^® 
however cuts the e.\pected hemoglobin production by 50% and this 
is not wholly an absorption phenomenon. 

Fasting experiments yield valuable information and have been 
carefully studied in this laboratory. Given a standard anemic dog 
fed an optimum dose of iron with sugar and fat but no protein, we 
expect 40 to 50 gm. new hemoglobin produced each week for several 
weeks. Obviously the protein (globin) must be formed to a con- 
siderable degree from body stores presumably held in cells in some 
protein form— a rather extensive shift of important protein material 
from various body depots into red cells. Such dogs show less nitro- 
gen in the urine especiallj'^ in the urea-ammonia fraction,®'' as com- 
pared with normal non-anemic controls. This would indicate that 
the precursors of the urea were utilized to some extent in the build- 
ing of the new hemoglobin under these conditions— a reaction of 
conservation. 

Plasma protein prodnetion at the moment is of special interest to 
physicians because of the recent appreciation of the value of plasma 
in the treatment of various shock conditions. If new plasma protein 
can be formed rapidly within the body, this is of obvious advantage 
over the introduction of plasma from outside, which is troublesome 
and expensive. After an acute einergenc\' is tided o\-er with plasma 
injections, a continuing supply may come from the body if we supply 
]>roper material other tlian plasma by vein. 

The old idea that plasma proteins are inert colloids which have to 
do with fluid (^uilibrium and little else is a real handicap to medical 
thought. It is responsible for tlie use of acacia and other inert 
gums in shock conditions. I know of no reason why these foreign 
materials should be administered and many reasons why they should 
never be utilized in the clinic; considerable amounts k ackia will 
cause liver storage, actual damage and impaired liver function.'® 

Plasma proteins are in dynamic equilibrium with body cell pro- 
teins. It was demonstrated years ago»» by Holman, IHahonev and 
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■^^^lipple that the protein requirements of the dog for weeks at a time 
could be supplied by plasma protein given by vein during ])roteiii 
fasting, hloreover, tissue repair is furthered and tissue injury is 
prevented when plasma proteins are administered or fabricated by 
the depleted dog— all good reasons why plasma proteins are so 
helpful in shock where tissue injury is often an important factor. 

The liver is believed to be of primary importance in the production 
of plasma protein, as discussed elsewhere.-® j\Iuch interest recently 
has been centered on 'prothrombin because of its relationship to bleed- 
ing in varions diseased conditions. This plasma protein is formed 
in the li^"er®® and because of its precipitation reactions was at first 
placed in the globulin fraction. More recent work with electro- 
phoresis, however, indicates that prothrombin belongs in the albu- 
min fraction.®® If this work is confirmed this gives clear evidence 
that an important albumin is formed in the liver. It is well estab- 
lished that the important globtdin fibrinogen is produced only in the 
liver. 

Emergency production of plasma protein depends upon reserve 
protein stores and the intake of protein or protein derivatives either 
by mouth or by vein. Protein reserves®® suitable for plasma protein 
production may be depleted and complete^'- exhausted b^" fasting, 
long-continued protein-free diets, or by plasma depletion (removal 
of blood and return of washed red cells). Profein reserves relate 
to the previous diet periods and may be very large after abundant 
protein intake.®'®^ It may require many weeks to deplete this pro- 
tein reserve, but, once depleted, the dog can scarcely produce any 
new plasma protein other than from protein or protein digests or 
proper combinations of amino-acids given bj^ mouth or by vein. 
It is possible that the 1 to 4 gm. plasma protein which are formed 
by tlie depleted dog during a protein-free week may be derived from 
a capture of certain split products which would otherwise appear in 
the urea-ammonia fraction of the urinary nitrogen. 

Food proteins vary somewhat in their capacity to form new 
plasma protein in depleted dogs. Serum stands at the head of the 
list and it requires only 3 gra. of serum protein by mouth to produce 
1 gm. new plasma protein in the depleted dog. Other food proteins 
require 4 to 7 gm. l)y mouth to produce 1 gm. new plasma protein 
(Table 1). In general, food proteins are better used when given 
alone and in moderate amounts. Larger protein intake yields a 
lower per cent return of plasma protein. The e.\periments of Weccld® 
dealing M'itli albumin and of iVIelnick, Cowgill and Burack®' have 
been re\'iewed recentlj'.®® 

Table 1 shows how much variety there is in the hemogloliin pro- 
duction of the anemic dog and in the plasma protein production in 
the plasma depleted dog. The ceiling for hemoglobin production i'' 
easily reached and for a 10-kilo dog is about 70 gm. hemoglobin per 
week on a favorable diet of liver plus iron. 44ie capacity of the 
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plasma-depleted dog to form plasma protein is even greater; but the 
technical difficulties make it impossible to establish a ceiling for 
plasma protein production. For this reason a plus sign is added 
to the figures for plasma protein production in Table 1, Conse- 
quently, the protein intake is held down in the plasma-depleted dog 
and the protein is always somewhat better utilized when given in 
small or moderate amounts. There are conspicuous differences in 
the food factors (Table 1) and the related production of hemoglobin 
and plasma protein— for example, compare liver, serum and salmon 
bread. Liver is best to form hemoglobin and well utilized for plasma 
protein production. Serum is best used to produce plasma protein 
but not particularly well used for hemoglobin production. Casein 
and salmon bread are very poor producers of hemoglobin but excel- 
lent for plasma protein production. 

Table 1. — Comparison of Hemoglobin Phoduction and Plasma Protein 

Production. 

By standard anemic dog. By standard plasma — depleted dog. 


Liver (pig) . 

Total net 
hemoglobin, 
nv. output 
production, 

1 week. 

. . 50 

Ratio, protein 
intake to 
hemoglobin 
output. 

8/1 

Total net 
plasma protein 
production, 

1 week. 

G5 + 

Ratio, protein 
intake to plasma 
protein output 
produetion. 

C/1 

Kidney (pig) 

. . 35 

0/1 

20-}- 

5/1 

Heart (beef) . 

. . 25 

14/1 

50+ 

10/1 

Spleen 

. . IS 

22/1 

20+ 

10/1 

Pancreas 

. . 15 

29/1 

20+ 

20/1 

Stoinacli (pig) 

. . 11 

31/1 

10+ 

15/1 

Serum (ox) . 

. . 15 

10/1 

70+ 

3/1 

Casein 

. . 14 

42/1 

45+ 

8/1 

Egg white 

. 15 

S/1 

40+ 

5/1 

Yeast 

. . 4 

14/1 

25+ 

5/1 

Soy bean 

. . 5 

35/1 

20+ 

7/1 

Salmon bread 

. . 5 

50/1 

50+ 

4/1 


Amino-acids may contribute to plasma protein formation, as they 
do to hemoglobin Iniilding in anemia.'*-'^ Cystine appears to be one 
of the key amino-acids in plasma protein building.-® E.xperiments 
are in progress in this laboratory to show what aggregation of pure 
amino-acids added to a protein-free diet are required to produce an 
abundance of new plasma protein in the plasma-depleted dog. 

Protein digests are of considerable importance and should be used 
to replace much of the plasma now used so freely in the clinic. 
Protein digests (casein) can bring about much new plasma protein 
formation in the depleted dog.-® Various digests must be tested 
in this fashion and subsequently used cautiously in the clinic. 
E\'entually satisfactory digests will be prepared for clinical use— 
the digest should promote plasma protein building and nitrogen 
balance, it mu.st be non-toxic, readily sterilized, and .should be 
inexpensive. Dige.sts will be ideal to supplement the use of dried 
human plasma or replace it after the acute emergency. Digests 
should be very usefid in human cases of gastro-entwitis where the 
plasma proteins are seriously depleted. 
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When plasma protein is produced in the depleted dog, the A/G 
ratio (albumin-globulin) may be modified and in general tends to 
fall— that is, the globulin tends to increase more than the albumin. 
Meats and visceral proteins tend to increase the output of albumin 
and certain other foods (e. g., rice and potato) tend to increase the 
globulin fraction. Soy be'an protein appears . to good advantage 
and is used very prompth’^ to produce plasma protein and favors the 
production of albumin. 

^^Tien plasma is given by vein to supply the protein requirements 
of a fasting dog, we note no change in the A/G ratio indicating that 
these proteins are used up in the normal ratio. Taken together 
with observations above, it would appear that many changes in the 
A/G ratio are due to 'production factors rather than to 7ise of one 
protein in preference to another in the body economy. 

Plasma protein production may be serious!}' disturbed bj- infection 
(abscess) in spite of adequate protein intake. Liver abnormalities,’' 
liver disease, and the Eck fistula,-' may depress plasma protein pro- 
duction and bring about hypoproteinemia in man or animal. Pre- 
sumably the liver cells which produce the plasma protein are de- 
stroyed or injured with impairment of their productive activity. 

In the anemic iron-depleted dog certain standard diet factors have 
little influence upon hemoglobin building (c. g., salmon bread) but 
in the plasma protein-depleted dog this same food may favor abun- 
dant production of new plasma protein (Table 1). With this 
information at hand we believed that in a dog both anemic and plasma 
depleted we could Influence the protein flow toward hemoglobin by 
one food factor or toward plasma protein by another food. These 
doubly depleted dogs are not easily fed and controlled but we have 
had success with dogs fed iron and a relatively low protein diet."' 
By bleeding alone it is possible to attain anemia- plus plasma protein 
depletion (Table 2). To our surprise we observed that such dogs 
always produce more hemoglobin than plasma jnotcin no matter what 
diet protein is used. The ratio is 40% to 70% as much plasma 
protein as hemoglobin e\'en when salmon or salmon bread is fed. 
The depletion stimulus to form both hemoglobin and plasma protein 
is present but the output always siiows a surplus of hernoglolun. 
The food protein is well utilized and from an intake of 100 gm- 
protein by mouth we note the return as new hemoglobin and plasma 
protein of 20 to 30 gin. 

Table 2 presents in condensed form a long period (GO weeks) dur- 
ing which the dog remained in good clinical condition, gained weight 
and ate the limited diet. This dog (Table 2) was continuously 
anemic 2 years before Table 2 begins. This exiieriment is a gooil 
sample of many others reported elsewhere."' Periods 4 and o deserve 
jiartieular attention. Long periods of 13 and 14 weeks present 
identical diets e.xcejit for iron added in Period o. 'I’lie hemogIoI>m 
output increases flue to the iron, as was to be e.x'iieetcd, but the 
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plasma protein increases at the same rate and there is no change in 
tlie plasma protein level. 

Table 2. — Simultaneous Production of Hemoglobin and Plasma Protein in 
Anemia and Hypoproteinemia Due to Bleeding. 


Dog 37-81. 


Protein output. 

Hemoglobin. Plasma protein. 


Production 

ratio, 





Iron 

Protein intake. 

y 


/ 


plasma 


Period. 


added 

^ ^ 


Level 

Output 

Level 

Output 

protein to 

Protein 


. 

■ AVt. 

d.aily 


AA'eekly (gm. per per wk. 

(gm. per per wk. hemoglobm output to 

No. 

A\TvS. 

(kg-)- 

(mg.). 

Type. 

. (gm.). 

100 cc.). 

(gm.). 

100 cc.). 

(gm.). 

(%). 

intake, %. 

1 

7 

11.0 

0 

Liver 

147 

6.4 

12.1 

5.6 

7.0 

58 

13 

2 

4 

12.8 

200 

Liver 

147 

7.2 

24.0 

5.5 

16.1 

67 

27 

3 

8 



Interval 








4 

13 

15.2 

0 

Liver 

224 

C.G 

22.7 

5.7 

15.5 

68 

17 

5 

14 

15.7 

200 

Liver 

228 

7.6 

33.3 

5.8 

21.0 

63 

24 

G 

2 

14.2 

200 

Low protein 

3 

7.0 

28.3 

4.4 

16.1 

57 


7 

5 

14.0 

200 

Liver 

228 

7.0 

23.5 

4.9 

14.2 

60 

17 

8 

4 

15.2 

200 

Salmon 

208 

7.6 

31.0 

5.2 

19.4 

63 

24 

9 

5 

14.9 

200 

Kidney 

154 

7.5 

25.9 

5.2 

16.5 

64 

28 

10 

3 

13.5 

200 

Salmon bread 155 

6.9 

25.0 

4.8 

12.6 

50 

24 

11 

4 

13. G 

200 

Liver 

193 

7.7 

30.7 

5.5 

18.0 

59 

25 


Period 6 is of much interest because during a diet practically 
protein-free we note the expected large hemoglobin output®" but 
also considerable new plasma protein production. This latter is to 
be explained in large part as related to the sharp drop in plasma 
protein levels, indicating a strenuous depletion of circulating plasma 
protein and related reser\^e stores.-® 

Period 7 is precisely like Period 5 as to diet and iron intake but 
the hemoglobin and plasma protein outputs are distinctly less. We 
may choose to explain this on the basis of repletion of reserve stores 
exhausted during Period 6 and Ave note gain in weight. 

Period 8 shows that canned salmon supplemented Avith iron is 
Avell utilized to form both hemoglobin and plasma protein. In fact, 
the output is almost equal to Period 5 AAnth liver replacing the salmon 
muscle. The utilization of protein in both periods is 24%. 

Period 9 (Table 1) sIioaa's that kidney is also aatU used. The pro- 
tein intake is about 50 gm. less than for salmon and the hemoglobin 
and plasma protein are correspondingly decreased in output. The 
ratio of plasma protein to hemoglobin remains unchanged as does 
the concentration of plasma protein in the circulation. 

Period 10 shoAvs that salmon bread"'®® is used as AA'ell as the other 
lirotcins by this dog (bread protein = grain and salmon muscle). 
We felt confident that there Avould be an increase in the output of 
plasma protein as compared Avith hemoglobin but the reverse is true. 
We note a drop in the plasma protein levels and ratio of plasma pro- 
tein to hemoglobin production. In the simple anemia ex-periments 
the salmon bread diet produces very little neAv hemoglobin unless 
there is a large iron supplement. In plasmapheresis the salmon 
bread is very Avell used to produce abundant neAv plasma protein. 
In this experiment the dog u<jes the iiroteins in .salmon bread very 
Avell— protein outinit 24% of the intake. 
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Period 11 with a shift back to liver shows an increase of hemo- 
globin in proportion to the protein fed but even more increase in 
plasma protein output. 

Prolonged hypoproteinemia or anemia per se causes no damage to 
the body mechanism responsible for the production of plasma pro- 
tein and hemoglobin. Phe dogs can be kept in good health for years. 
Yet they are not equal to normal controls in their resistance to 
infection and intoxication. We found that dogs anemic for years 
were more susceptible to respiratorj’^ infections, to endocarditis, to 
endometritis, and to various tjqjes of enteritis. Plasma-depleted 
dogs are even more susceptible to infections and many of the dogs 
used in the earlj- experiments died of abscesses, septicemia, endo- 
carditis and related conditions. These dogs are also very suscep- 
tible to intoxication by certain drugs and their resistance to chloro- 
form poisoning may be less than one-fourth of normal. These dogs 
are also more susceptible to arsenicals (e. g., salvarsan) and this 
suceptibility is removed by adequate protein feeding.^® 

Table 3. — METHIO^^^■E Protection.Against Chlohoform Poisoxixg and Lack 
OF Protection of Trtptophane, Phentlai.antne, Isoleucixe, 
Aspartic Acid, V.aline and Lvsine. 

Experiment 18 (Dog 39-130). Lott protein diet for 11 weeks. 

Plasma 

Hours before protein, Fibrinogen, Food 

or after gm, per mg. per Iclenis consumed. Clinical 

chloroform. 100 cc. 100 cc. index, %, condition, 

0 . .5.39 478 0 Fast Normal 

(Chloroform anesthesia — 40 minutes, preceded by methionine intravenously, 2.5 gm. 

5 hours before and 2.3 gm. 2 hours before.) 


24 . . 

. . 5.35 

440 

0 

60 

Good 

48 . . 

. 5.21 

419 

0 

15 

Good 

72 . . 

. . 5.19 

403 

0 

85 

Normal 

120 . . 

. . 5.40 

425 

eo 

50 

Normal 

Experiment 19 (Dog 39-130). 

Low protein diet continued for 3 

weeks. 

0 . . 

. . 4.80 

37b 

0 

Fast 

Normal 


(Chloroform anesthesia — 20 minutes, preceded by amino-acid mi.xture 21 hours and 
4 hours before, by stomach tube.) 

24 105 9 10 Into.xicatcd 

44 . Death — chloroform poisoning. 

The lowered resistance to chloroform poisoning related to h>7io- 
proteinemia can be readily demonstrated and Table 3 is a good 
example.-® A well-fed normal dog will tolerate an hour’s chloro- 
form anesthesia witli little evidence of intoxication; but after 
plasma depletion it will show fatal intoxication witli e.xtensivc liver 
necrosis due to 15 to 20 minutes’ chloroform anesthesia. This 
susceptibility of the plasma-depleted dog can be promptly removed 
by large protein feedings or considerable amounts of plasma given 
by vein. Furthermore, methionine (or cystine to a less degree) will 
protect the ])lasma-dcplcted dog against 40 minutes’ chloroform 
anesthesia, and other non-sulphur-containing amino-acids are inert 
in the same tyjie of e.xpcrimcnt (Table 3). lA'cithin, nicotinic acid 
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and cholin=’’*“ are inert in similar experiments. Methionine evi- 
dently is the key amino-acid; it was suggested that it acts through 
some enzyme system. 

Table 3 shows that 4.8 gm. methionine given as indicated insures 
complete protection against a double lethal chloroform anesthesia 
(40 minutes). We note no icterus, no fall in fibrinogen and no 
clinical intoxication. Wfiien the same dog is given only 20 minutes’ 
chloroform there is a fatal poisoning in spite, of the six amino-acids 
listed in Table 3 given in closes of 1 gm. each 21 hours and again 
4 hours before the chloroform anesthesia. The liver shows the 
characteristic hyaline necrosis, there is icterus and a subnormal 
filirinogen. 

UUlizaiion of 2)hsma proiein may be regarded as established by 
experiments with plasma protein given by vein to maintain nitro- 
gen equilibrium for weeks in a protein fasting dog. Proteins appear 
in various organs (liver) and tissues (muscle) but probably in the 
form of the specific cell protein. The mechanism of this reaction 
has been studied by Howland and Hawkins.'® In phlorizinized dogs 
the injected (vein) plasma protein does not increase the urinary 
nitrogen and dextrose, as is found when the same plasma protein is 
fed under identical circumstances. The injected plasma protein 
promptly disappears within 24 hours and must be in the cells and 
tissues. It appears that the plasma protein is metabolized without 
increase in the amino-acids in the body fluids— that is, without 
cleavage to the amino-acid level. This suggests a modification of 
the plasma protein entering the cells b}’^ means of a cleavage 
into large aggregates and reassembly into the normal cell proteins. 
This procedure can supply all the immediate protein requirements 
of the body. 

Schoenheimer and Rittenberg^L^s Jiave added important informa- 
tion about intermediary metabolism which indicates that the liver 
protein and plasma protein arc most active in the turnover of the 
heavy isotope containing amino-acids. Their experiments are in 
accord with a balanced system of body protein in which plasma 
proteins and liver proteins are most active. 

Evidence cited above indicates that protein molecules can emerge 
from a cell and also cnicr a cell readily— a dynamic equilibrium 
between cell and plasma protein. This forces us to consider how 
the.sc large protein molecules pass in and out through cell surface 
membranes. We may focus our attention on the liver cell as these 
cells can produce proteins (c. g., fibrinogen) and can take in proteins 
from the plasma.^ These liver cells are also peculiar because they 
contain canaliculi— tiny passages iciihin ihe liver cell imofoplamn 
which communicate with the bile capillaries and have to do with the 
outflow of bile salts and bile pigments. 

Surface membrane.^ as described by Krogh" are ill-defined ami 
closely bound up with the cell protoplasm of which they form the 
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boundary zone. Such membranes restrict the free movement of 
molecules and particles but are not concerned with any energy re- 
quiring transport of substances across its thickness. 

Surface membranes are generallj'^ believed to be a mixture of 
lipids, proteins and perhaps other substances. They may be ar- 
ranged as a mosaic in which the proteins and other substances are 
distributed in a regular or haphazard manner (RideaP-). The 
arrangement may be in layers of protein and lipid material giving 
a lipid-protein surface to the plasma membrane designated in its 
simplest form as a bimolecular layer of lipoid molecules between 
two layers of protein molecules (Harvey and Danielli^^). 

Physiologists have much to say about the behavior of electrolytes 
and small molecules as related to surface membrane passage, but in 
general maintain a discreet silence about membrane passage of pro- 
tein molecules. Perhaps this is evidence of wisdom, but our interest 
in the ebb and flow of proteins between the cell and blood plasma 
has forced us to speculate about it. If the surface membrane of the 
liver cells is a mixture of protein and lipid, these proteins must be 
intimately related to other cell proteins including ferments. We can 
see no reason why these ferments may not be able to modify the 
surface membrane so tliat cell proteins needed by the body can 
emerge as thej" are formed rapidly within the cell. Incoming pro- 
teins from the plasma protein pool could pass through the surface 
membrane in the same fashion, preceded by adsorption on the 
surface. 

The argument that these proteins are broken down to amino-acids 
to permit surface membrane passage does not stand analysis— 
the outgoing protein, if broken down at the surface would appear as 
amino-acids in the blood plasma and be treated as such, there being 
no evidence that proteins are synthesized outside of the cell proper. 
If the incoming proteins were broken down to amino-acids at the 
surface, we would expect some escape of the amino-acids into tlie 
blood plasma and this reaction would be detectable in careful study 
of nitrogen metabolism.-'' When a dog is kept in nitrogen and 
weight equilibrium for weeks by feeding sugar and fat by inoutli 
and giving plasma by vein, there is evidence^" that tin's plasma pro- 
tein is used u'ithout wastage of nitrogen, in contrast to the findings 
when protein is fed. We have assumed from this and other evi- 
dence that the introduced plasma protein passed into Ijody cell.s 
needing protein and within the cell was modified by cleavage or 
other means due to ferment activity to furnish tlie particular pro- 
tein needed (liver, muscle and so forth). 

Stimuli which are responsible for the increase in any given hlom 
protein should be mentioned, even if little can be .said other tliaii 
that our ignorance is almost complete. It is believed that anoxemia 
is a stimulus to hemoglobin jjroduction but it is probable that other 
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factors enter into the reaction. The stimuli responsible for plasma 
protein production certainly are variable. Who will even guess at 
the nature of the stimulus relating to the production oi fibrinogen 
by the liver? Fibrinogen is a labile protein which may show wide 
fluctuations within the space of a day or so, related to liver injury, 
tissue injury, hemorrhage, and many other factors.^’”* Fibrinogen 
normally makes up but 10% of the plasma globulins, so that one 
cannot say that any significant change in osmotic pressure is 
responsible for or related to these changes in fibrinogen. We may 
say a nice balance between use and production of fibrinogen is 
maintained at about 0.3 gm. per 100 cc. in the plasma of the dog, 
but the stimuli which change this level are various and their mode 
of operation quite obscure. It is probable that h 3 '^poproteinemia in 
some obscure manner does accelerate the production of new plasma 
albumin and globulin^^ but the fact that proteins can pass to and 
fro easily between cells and plasma makes the interpretation of 
experiments difficult. 

DYNAMIC EQUILIBRIUM OF BODY PROTE1N5 




INDISPENSABLE 


INDISPENSABLE 


INDISPENSABLE 

PROTEIN 


PROTEIN 


PROTEIN 

LIVER CELL 


PARENCHYMAL 
CELL OR TISSUE 


MUSCLE CELL 

% 




III 

DISPENSABLE 


DISPENSABLE 


DISPENSABLE 

PROTEIN 


PROTEIN 


PROTEIN 

TRANSITION 


TRANSITION 


TRANSITION 

PROTEIN 


PROTEIN 


PROTEIN 


n 

n 






RED CELL 
HEMOGLOBIN 



PLASMA PROTEINS 


Fig. 1. 


Figure 1 is an attempt to picture certain features of protein metab- 
olism as we see it. We believe that the liver is strategically- situated 
and of sufficient size to take on most of the work of protein synthesis. 
iSIany plasma proteins emerge from the liver cells and can be used 
in the l>ody to supply all or most of its protein requirements. 
Figure 1 indicates by arrows that the liver cell can store i)rotein 
and that it can give out stored protein or fabricated protein. The 
protein on its way out or in is simply designated as transitio)} protein 
which by cleavage and reassembly (ferments) is on its way to cell 
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protein or to plasma protein. Z^Iut-h cell protein cannot be rernovei 
and is called indispensable. Parenchj^Tna or tissue cells, includisa* 
muscle cells, as indicated by arrotvs can ac-t to store proteins or to 
use proteins or to release stores and perhaps to fabricate protein in 
a small teay. We believe the plasma protein can contribute to the 
manufac-ture of red cell hemoglobin but there is no eridencs of an 
outfiov of protein from these red cells short of cell breakdown. 

One may choose to IcKjk at the liter cell as a boiiina cauldron into 
'vhich go amino-acids and proteins, lipids, carbohydrates, salts, 
acc-essories and vrater. In this cauldron the boiling includes ferment 
action and leaves nothing sacTcd— amino-acids are broken up and 
reassembled from the mangled remnants, radicles are pulled out and 
others replaced in large aggregates (including proteins). Ulnmately 
and frc^quently in a short span there emerges a beautiful thing, a 
protein — fibrinogen or prothrombin for e.tample — and vho vdil care 
to viiite the vrork specifications for its manufacture? 

Ckmclusicm. We may novr attempt to formulate brieSy our under- 
standing of plasma protein metabolism. TryA proteins ;rield the 
amino-acids absorbed from the intestinal tract and the amino accos 
are s;»Tithesized in the liver ceUs (and elsevrhere) into plasma prc^- 
teins. These plasma proteins (and amino-acids) supply the protein 
requirements of the body c-ells. XormaUy there is a considerable 
reserve of plasma protein forming material fl to 5 rimes the circtilat- 
ing mass) vrhich reserve may be reduced by fasting, lotr protein 
diet or plasma depletion. This depletion of protein i^erves loiters 
the body resistance to infection and intordcarion. These body prcr- 
tein stores, protein production and protein ivear and tear are in a 
nic-elv balanced or Aeeidv Aaic — a dvnamic- eouilibrium. These nio- 
teins can pass readily from plasma into cells and the reverse, luthout 
loss of nitrogen. The passage of proteins through cell surfaces is 
discussed and also the obidous recasting of cell protein into plasma 
protein and the reverse. 

Hemoglobin in its production may draiv on the plasma proiem 
but hemoglobin stands apart in the protein economy and does not 
contribute freely to the protein pool. On the other hand, the booy 
guards Jealously the fabrication of hemoglobin and given a real neeu 
for both plasma protein and hemoglobin the protein flow lavors 
hemoglobin, which under these ctrc-umstances always is produced m 
more abimdance; than the plasma protein. 
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The frequent combination of tuberculosis and diabetes has made 
the study of the associated diseases an important subject for many 
years. The concurrence of tuberculosis and diabetes formerlj'^ was 
often found in 42% to 50% of diabetics (Curschmann®). Improved 
diabetes therapy, especiallj'^ the introduction of insulin, resulted, 
according to I'Cing,-''^ in a drop of tuberculosis incidence in diabetics 
in the United States from 12% prior to 1922, when insulin became 
available, to 2:5 % since that time. Although there is a great deal 
of satisfaction in this 'accomplishment, yet much remains to be 
done, since it is known that tuberculosis develops almost three 
times as frequently among diabetics as in the general population 
(Root,^“®’Banyai-) and this fact justifies a review of the extensive 
material, 349 cases of combined tuberculosis and diabetes, treated 
on the metabolism service of Sea View Hospital from January 1, 
1934, to December 1, 1939. 

Age at Onset of Tiiherculosis. Tuberculosis appeared after the 
age of 40 in 258 (73.9%) of the 349 diabetics (Table 1). Wiener 
and Kavee^^ found this in 81.2%, and Meyers and McKean^^ in 
60 % of their patients. This peak of onset after the age of 40 is in 
contrast to that for non-diabetics in whom it occurs at a much 
earlier age. The age distribution of tuberculosis in diabetic patients 
thus coincides with the age distribution of diabetes rather than that 
of tuberculosis. 

Predisj)ositimi of Diabetics to Tuberculosis. The onset of diabetes 
usually precedes that of tuberculosis (Kennedy,” Wiener and 
Kavee,^^ Meyers and McKean,"^ Ralli and Steinberg,-® Himsworth,” 
Root and Bloor^O- Of 349 cases in the present study (Table 2), 
the diabetes was the primary disease in 208 (59.6%) and the 
tuberculosis in 81 (23.2%). In 60 cases (17.2%) both conditions 
were discovered simultaneously. If only those cases are considered 
in which the date of onset of each disease was known, then the 
diabetes was the primary illness in 72%. 

The fact that diabetes usuallj'' precedes the advent of tubercuiosi-s 
suggests that diabetes predisposes to tuberculosis. There is con- 

* Aided by a grant from The New York Diabetes Association, Inc. 
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sirlerable evidence to support this view. As already pointed out, 
according to the analyses of Eoot^*®" and of Banyai,- tuberculosis 
is about three times as frequent in diabetics as in non-diabetics. 
Root and Bloor*' noted that in their diabetic patients whose dia- 
betes began before the age of 20, tuberculosis occurred twelve times 
as frequently as among all pupils in Massachusetts gi-ade and high 
schools. In another study of his diabetic children, Root®““ noted an 
increasing incidence of tuberculosis on repeated examination, indi- 
cating that the longer the patient has diabetes, the greater is the 
probability that he will develop tuberculosis. ■ 

Tabi.e 1.— Age at Onset of Tuberculosis in 349 Cases of Diabetes and 

Tuberculosis. 

Cases. 


Age. Male. Female. Total. Per cent. 

Under 20 5 6 11 3.2 

20 to 29 20 13 33 9.5 

.30 to 39 28 19 47 13.5 

40 to 49 60 .37 103 29.5 

50 to 59 47 54 101 28.8 

00 and over 22 32 54 15.5 

Total 188 161 349 


Tuberculosis in diabetics appeared after the age of 40 in 258 of the 349 cases 
(73.9%). The peak of onset in non-diabetics is considerably earlier. 

Table 2.— Relation of Onset of Tuberculosis and Diabetes (349 Cases). 
Diabetes Usually the Primary Disease. 



No. of cases. 

%. 

Primary 

diagnosis, 

%. 

Diabetes, primary . 

. . . 208 

(59.6) 

72 

Tuberculosis, primary . 

. . . 81 

(23.2) 

28 

Simultaneous discovery 

. . . GO 

(17.2) 



Probably there has been neglect when the discovery of the two conditions is simul- 
taneous. If we consider onlj* the cases in which there is a primary diagnosis, it is 
found that diabetes is the primary disease in 72%. 


There is also experimental evidence to suggest that diabetes 
renders the animal more susceptible to tuberculosis. Steinbach, 
Klein and Deskowitz^^ were able to produce tuberculosis by intra- 
peritoneal inoculation in G out of 7 dogs rendered diabetic by pan- 
createctomy, whereas S control animals were negative for tuber- 
culosis after similar injections. The dog is normally very resistant 
to tuberculous infection. 

The available data indicate that it is uncontrolled diabetes, 
rather than diabetes per sc, that is responsible for the greater sus- 
ceptibility to tuberculosis (Root,^®^ Root^®‘^ Himswortld"). Twenty 
to 50% of Root’s cases had had acidosis or coma prior to the appear- 
ance of tuberculosis, and Himsworth observed that in all of his 
patients, there had been no, or inadequate, treatment of the diabetes. 
Similar conclusions were reached in the investigation of our cases. 
On the other hand, in a series of well-regulated diabetics, Ilims- 
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worth*^ observed an incidence of tuberculosis of only 0.7%, which 
is no higher tlian tliat found in the general population. Many 
observations have shown that the controlled diabetic approaches 
the non-diabetic in his resistance to infection (Moen and Reismann,== 
Mosenthal,“ Bayne-Jones^) and it would seem that the same should 
hold true in regard to withstanding an invasion by the tubercle 
bacillus. 

Severity of the Diabetes in Patmits With Diabetes and Tubercnlosis. 
On theoretical grounds, one ■would expect that severe diabetics 
would be more susceptible to tuberculosis than mild diabetics, since 
the severe diabetic is more likely to pass through periods in which 
the diabetes is not adequately controlled. There is some difference 
of opinion on this point. Root^®' found that the average insulin 
requirement of his tuberculous diabetics was not appreciably higher 
than that of the patients with uncomplicated diabetes. On the 
other hand, Himsworthi^ states that tuberculosis is a complication 
of severe, rather than mild, diabetes. Our observations agree Muth 
those of Himsworth. The eases haA^e been grouped according to 
the severity of the diabetes in Table 3. Since these patients were 
all on a fairly uniform diet it was reasonable to classify them on the 
basis of their insulin requirement. Patients who received less than 
20 units of insulin a day were considered mild, those requiring 20 
to 40 units moderately severe, and those who needed more than 
40 units were classified as severe. According to these criteria, 
32.6% of the patients were mild diabetics, 24.4% were moderately 
severe and 43% severe. It is evident that the predominant num- 
ber were in the seA'ere group. 

Table 3.— Severitt of Diabetes in Cases of Cojibinbd Tuberculosis 

AND Diabetes. 


MUd: 

No. of cases. 

%. 

Leas than 20 units insulin 

Moderately severe: 

114 

32. G 

20 to 40 units insulin .... 

Severe: 

85 

24.4 

Over 40 units insulin 

150 

43.0 


The predominant number of tuberculous diabetics have severe diabetes. This is 
in contrast to patients with uncomplicated diabetes. 

Extent of Tuberculosis on Admission. In Table 4, the 349 cases 
of diabetes and tuberculosis have been analyzed from the point of 
Auew of the type of tuberculosis on admission and the course of the 
tuberculous disease during the hospital stay. The most striking 
feature is the large number of patients with far-adt'anced disease 
Avhen first observed and the A’^ery small percentage of cases ■\vith 
minimal inA'olA'ement. Only 11.4% of the 349 cases had minimal 
lesions at the time of admission. In 30.6% the tuberculosis Avas 
moderately adAmnced, and in 58% it AA-as far adA'anced. Similar 
obserA’ations on the late diagnosis of tuberculosis in diabetic patients 
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liave been made by Ralli and Steinberg,-® Meyers and McKean,-^ 
Banyai,® Root.®®'' 

Table 4.— Extent of Tuberculosis on Admission and the Results of 

Treatment. 


Type of tuberculosis on admission. 


Status of tuberculosis at time 
patients left hospital. 

Minimal. 

Mod. advanced. Far advanced. 

Totals. 

Cases; 

Number .... 

40 

107 

202 

.349 

Per cent .... 
Apparently arrested cases 

11.4 

30.6 

58.0 

72 

Number .... 

IG 

37 

19 

Per cent .... 
Arrested case.s; 

40.0 

34. C 

9.4 

20. G 

Number .... 

1 

2 

0 

3 

Per cent .... 

2.5 

1.9 

0 

0.9 

Stationary cases: 

Number .... 

12 

23 

21 

50 

Per cent .... 

30.0 

21.5 

10.4 

IG.O 

Progressive eases; 

Number .... 

S 

21 

74 

103 

Per cent .... 

20.0 

19. G 

3C.G 

29.5 

Death cases: 

Number .... 

3 

24 

88 

115 

Per cent .... 

. 7.5 

22.4 

43.6 

33.0 


Only 11.4% of the patients had minimal tuberculosis at the first observation, where- 
as 30.0% were moderately advanced, and 58% were far advanced. The diagnosis 
of tuberculosis in diabetics entering Sea View Hospital is made later than it should be. 
The prognosis depends upon the extent of the tuberculosis when first discovered. 
An arrest of the disease was obtained in 42.5% of the minimal cases and in only 9.4% 
of the far-advanced cases. 


Several reasons may be given for the delayed recognition of a 
disease that often proves fatal: 

1. Untreated or poorly managed diabetics are not only more 
susceptible to tuberculosis than normal individuals or well-con- 
trolled diabetics, but also, the tuberculosis progresses in them with 
exceeding rapidity. 

2. The early symptoms of tuberculosis simulate those of diabetes 
so that the physician is likely to attribute such symptoms as loss 
of weight, fatigability, and so on, to the diabetes. 

3. The frequent absence of physical findings in diabetic tubercu- 
lous patients, so that the disease is often not recognized until the 
advanced stage has been reached. The lack of physical signs in 
many cases of minimal and moderately advanced tuberculosis in 
non-diabetics as well as in diabetics is now well recognized. 

Results of Treatment. Of the 40 cases with minimal tuberculosis 
(Table 4), on admission, 17 (42.5%) were apparently arrested or 
arrested at the expiration of the hospital stay, while of the moder- 
ately advanced cases, 35.5% were either apparently arrested or 
arrested. In the far-advanced group, only 19 of 202 patients 
(9.4%) could be. classified as apparently arrested cases. An analysis 
of the deaths showed that only 7.3% of the minimal disease cases 
died, whereas 22.4% of the moderately advanced and 43.0% of the 
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far-advanced cases terminated fatally. These results demonstrate 
strikingly that tlie jjrognosis of tuberculosis in diabetie individuals 
depends to a great e.xtent upon the stage of the tuberculosis at which 
therapy is instituted. In this respect tuberculosis in the diabetic 
and in the non-diabetic are alike. 

Treatment of the Diabetes. The most important factor for the 
successful control of tuberculosis in diabetics is the effective man- 
agement of the diabetes. 

Diet: The caloric intake should be regulated so that the body 
weight is slightly above the calculated normal. Obesity is undesir- 
able both for the diabetes and for the tuberculosis. Most tubercu- 
losis patients will gain weight on a diet of 2000 calories, more than 
2500 calories are rarely-- required. An adequate vitamin and min- 
eral intake is, of course, essential. 

It has been our practice to prescribe a diet with a carbohydrate 
value of 150 to 200 gm. — that is a moderately high earbohj'drate 
diet. . The beneficial effect of a high fat, low carbohydrate diet on 
the course of the tuberculosis, claimed by Meyers and McKean,-^ 
has not been substantiated by other evidence (Keaton,'® King,-'’" 
Freilich and Coe'®), and this diet has the disadvantage of being less 
palatable than a diet of higher carbohydrate value. It is also our 
opinion that, because of the increased protein destruction that occurs 
in tuberculous individuals, as a result of fever and toxemia, a liberal 
protein intake is advisable. As a rule, most patients do well with 
about 90 gm. of protein per day. Fat is added to make up the total 
caloric value. 

Insulin should be used whenever adequate nutrition and a sugar- 
free urine cannot be maintained on diet alone. The pulmonary 
focal reactions previously reported as resulting from insulin (Wass- 
mund,®® Fishberg'®) were probably due to protein impurities in the 
insulin preparations (Allen,' King-®”). In the present series, insulin 
was required in 278 out of the 349 cases. Seventy-one patients 
were regulated by diet alone; in 43 cases, less than 20 units of insulin 
were required; in 85, between 20 and 40 units; and in 150, over 
40 units of insulin per day were necessary. Regular insulin was 
used exclusively in 131 cases while 147 cases protamine zinc insulin 
alone or protamine zinc and regular insulin were given. Since the 
introduction of protamine zinc insulin in 1936, we have resorted to 
this preparation in almost every case. 

The value of protamine zinc insulin, in the treatment of diabetes 
complicated by tuberculosis, has been mentioned in previous stud- 
ies (j\Iark, Sackey and Mosenthal,*® Mosenthal and Mark-'“). It 
has been stressed that more adequate control of glycosuria and fewer 
hypoglycemic reactions result from the use of protamine zinc insulin 
than from regular insulin. This opinion has been substantiated b\ 
others (Elwood," Root and Bloor®'). 

Of greater interest is the favorable effect protamine zinc insulin 
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might have on the course of the tuberculous disease (hlosenthal and 
Mark^'*'). One hundred and thirty-one patients were treated with 
regular insulin and 147 with protamine zinc insulin (Table 5). A 
number of patients died or left the hospital within a few months 
after admission so that in these cases too short a time had elapsed 
to permit an interpretation of the influence on the tuberculous 
disease of either type of insulin. A separate analysis Avas, there- 
fore, made of those patients who had been receiving either prepara- 
tion for 6 months or more. These results are also recorded in 
Table 5. Eighty-three patients who had been given protamine zinc 
insulin for more than 6 months are compared with 63 who were 
regulated with regular insulin for a similar period. In 32.5% of 
the protamine zinc insulin cases, the tuberculosis became arrested 
or apparently arrested as compared with 21.9% for the regular 
insulin group. Of the regular insulin group, 43.7% died as com- 
pared with 8.4% for the patients taking protamine zinc insulin. 
It is believed that the protamine zinc insulin was responsible for 
the more favorable results since the extent of the tuberculosis on 
admission and the type of therapy were essentially the same for 
both groups. 

Table 5.— Compabiso.v of Clinical Course of Tuberculosis i.v Diabetics 
Treated With Protamine Zinc Insulin or AVith Regular Insulin. 

Coses receiving insulin for 
Total cases. C months or more. 

Insulin. Insulin. 


St.itiis of tuberculosis nt 
end of hospital stn.v. 

Regular. 

No. % 

Protamine 

zinc. 

No. % 

Regular, 
No. % 

Protamine 

zinc. 

No. % 

Arrested .... 

0 

0 

5 

3.4 

0 

0 

5 

0.0 

Apparently arrested . 

17 

13.0 

28 

19.0 

14 

21.9 

22 

20.5 

Regressive .... 

0 

0 

9 

G.l 

0 

0 

9 

10.9 

Stationary .... 

12 

9.1 

33 

22.5 

3 

4.7 

23 

27.7 

Progressive 

44 

33.0 

45 

30.0 

19 

29.7 

17 

20.5 

Died 

58 

44.3 

27 

18.4 

28 

43.7 

7 

8.4 

Total .... 

131 


147 


04 


S3 



The cour.sc of tlic tuberculosis is more fuvor.ablc when tlic diabetes is treated with 
protamine zinc insulin than with regular insulin. 


The most probable explanation for the favorable influence of 
protamine zinc insulin on the course of the tuberculosis in tubercu- 
lous diabetes is that it proA'ides a continuous control of the diabetic 
process and consequently a better state of nutrition. This vieAv is 
supported by the AA'ork of ^Yilder.^- He shoAA'ed that Avith the custo- 
mary use of regular insulin, intervals may occur during the 24 hours 
when a negative nitrogen balance and protein de.struction prevail. 
On the other hand, Avith protamine zinc insulin, no periodic intcr\'als 
of nitrogen loss Averc encountered, even Avhen a moderate glycosuria 
Avas permitted. Tolstoi and Weber,^' in a careful observation on 
2 severe diabetics receiving protamine zinc insulin, found that these 
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patients remained in nitrogen balance in spite of the fact that a 
marked glycosuria was permitted. . 

Effect of the Course of the Tuberculosis on the Diabetes. Lundberg-‘ 
has stressed the beneficial influence of tuberculosis on diabetes. He 
discovered that in some cases as the tuberculosis progressed, the 
carbohydrate tolerance improved, and also that many of his patients 
on insulin treatment developed unexpected reactions. He postu- 
lated the elaboration in tuberculous tissue, of an insulin-like 
substance which he called para-insulin. This view has not been 
supported by many clinicians who have had the opportunity to 
study the combined disease (Rosenberg and Wolf,^- Curschmann,® 
Fitz,''* King-®”'). 

In our studies, we ha^'e also observed occasional instances in 
which rapid progression of the tuberculosis was associated with a 
diminished insulin requirement. We are inclined to agree with 
Allen' that the impro^'ed tolerance in these cases could be attributed 
to the poor appetite, tissue destruction and consequent undernutri- 
tion, associated u'ith rapidly progressive tuberculosis. Howei^er, 
some cases, as Lundberg admits, require greater amounts of insulin 
when the tuberculosis progresses. 

T.-ible 6. — Effect of Tcbebculosis on Diabetes. 

Severity of diabetes. 


Increased Decreased Unchanged 

Cases. cases. cases. cases. 


Course of 
tuberculosis. 

'no. 

%. 

' No. 

%. 

' No. 

%. 

Xo. 

%. 

Progressive 

. 218 

62.5 

64 

29.3 

63 

29.0 

91 

41.7 

Improved . 

to 

21. 5 

22 

29.3 

22 

29.3 

31 

41.4 

Stationary . 

oG 

16.0 

16 

28.6 

11 

19.6 

29 

51. S 

Total . 

. 349 


102 

29.2 

96 

27.5 

151 

43.3 


The course of the tuberculosis does not seem to have any constant effect on the 
severity of the diabetes. The favorable effect on the severity' of the diabetes observed 
in some cases of progressive tuberculosis is probably due to the associated under- 
nutrition and diminished food intake. 

In Table 6, an attempt has been made to determine the effect of a 
change in the tuberculous lesion on the severity of the diabetes. 

The severity of the diabetes was determined by comparing the 
insulin requirement shortly after admission to the hospital with 
that at the time of discharge or death. In 29.3% of the 218 cases 
in which the tuberculosis progressed, the severity of the diabetes 
increased. In 29% it diminished and in 41% it remained un- 
changed. Similar results were observed in groups of patients in 
whom the tuberculosis improved. From this analysis it appears 
that the course of the tuberculous disease has no constant efl'ect on 
the severity of the diabetes. 

Type of Treatment for the Tuberculosis. The same t\'pe of treat- 
ment was accorded the diabetics as the non-diabetics receir-ed since 
it was felt that the controlled diabetic could undergo the same 
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proccrUu'cs as the non-diabetic. However, the effects of a pre- 
viously uncontrolled diabetes, notably arteriosclerosis and coronary 
disease, did influence the final decision, and because of these com- 
])lications as well as the more advanced age of diabetic tuberculous 
patients, only a small number were subjected to the more radical 
surgical procedures such as thoracoplasty. In Table 7 , the 349 cases 
arc grouped according to the type of therapy used for the tubercu- 
lous disease. 

Tabi.k 7.— Type of Tuberculosis Therapy in 349 Tuberculous Diabetics. 


Type of therapy. 

No. of cases. 

%. 

Conservative 

.... 205 

58.7 

Pneumothorax 

. ... 119 

34.1 

Intrapleural pncumonolysis . . . . 

. ... 20 

5.1 

Thoracoplasty 

. ... 5 

1.5 

Total 

.... 349 



Conservative Thera'py, Of the 349 cases, 205 (58.7 %) were treated 
conservatively. This group included some patients who had in- 
cipient lesions with negative sputum, but the majority were either 
too far advanced for more I’adical procedures or had some other 
condition such as cardiac disease that was considered a contraindi- 
cation to surgical therapy. The results in this group of cases are 
recorded in Table 8. 

Table 8.— Results of Conservative Tuberculosis Treatment in Tuberculous 

Diabetics. 


Result. 

No. of cases. 

%. 

Arrested 

1 

0.5 

Apparently arrested .... 

29 

14.1 

Stationary 

35 

17.4 

Progressive 

67 

32.7 

Death 

73 

35. G 

Total 

205 



Unfortunately, statistics for the results in non-diabetic tubercu- 
lous patients treated conservatively at Sea ^'iew Hospital are not 
available so that a comparison cannot be made. To compare these 
results with those reported from other institutions might be mis- 
leading since the selection of cases for conservative or for surgical 
therapy varies considerably. It is, therefore, impossible to decide 
whether tuberculosis in diabetics responds as well to conservative 
therapy as it does in non-diabetics. However, it is evident that 
the view exjjressed by earlier authors (Sossman and Steidb^*^ Fitz,’^^ 
Fi-shberg’^*) that tuberculosis in diabetics is always progressive is 
not borne out. We have frequently observed patients in whom 
even a far-advanced lesion has healed by fibrosis, and it is our 
impression that with adequate and careful control of the diabetes, 
the prognosis of the tuberculosis approaches that in the noiwlia- 
betie. 'Fhis view is now generally accepted (Banyai,= Hoot.=”^ We.ssler 
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and Hi'iiiieH'"’). Tt slioulil, liowevcr, lie jiointed out tluit this is 
only an impression. So far, no comparison has been made between 
large groups of diabetic and non-diabetic tuberculous patients. 

Pnewnothorux. Out of a total of 349 cases of diabetes and tuber- 
culosis, pneumothorax therapy was performed in 139. In 20 of these, 
intrapleural pneumonoly.sis was done at some time during the course 
of therapy in an attempt to convert an ineffective pneumothorax 
into an effective one. This group has been the subject of a separate 
study and will be referred to subsequently. For the present, an 
analysis of 119 patients who received pneumothorax therapy alone 
will be made. This group includes 1.3 patients in whom thoraco- 
scopy was performed, but no attempt at the severing of adhesions 
was made. 

Of the 119 pneumothorax cases, 63 were male and 56 female. 
Seven patients were subjected to bilateral pneumothorax and 112 
to unilateral pneumothorax. The age distribution is recorded in 
Table 9. Tlie majorit}" of the patients were in the age group above 
40. It is notervorthy that 37 patients rvere more than 50 years of 
age. In our e.xperience elderly individuals tolerate pneumothorax 
perfectly well, but age is a factor to be considered in the e.xpected 
results from pneumothorax treatment. Bendove,® in his. study of 
pneumothorax results in non-diabetic tuberculous patients at Sea 
View Hospital, found that the results were considerably better in 
patients under 40 years than in those above this age. It is evident, 
therefore, that the results in diabetic patients who are mostly m^er 
40 years are not strictly comparable with non-diabetics, the majority 
of which are below this age. 


Table 9. — Age Distribution of Cases Subjected to Pneumothorax. 


Age. 

Under 20 . 
20 to 29 . 
30 to 39 . 

40 to 49 . 

50 to 59 . 

GO and over 


No. of cases. 
2 

. 17 

. 21 
. 42 

. 30 

7 


Total 


119 


Bendoi'e* and his coworkers have pointed out that sputum con- 
version is the most reliable index of the effectiveness of pneumo- 
thorax therapy. The analysis of our results was therefore made on 
the basis of whether this therapy was successful in converting the 
sputum from positive to negative. In the sputum-negative group 
are included all cases in which the sputum remained persistently 
negative on plain smears and concentrates for a period of at least 
6 months. The improved group consists of those patients in whom 
the sputum was negative for a period of less than 6 months. The 
results are recorded in Table 10. Of the 119 cases, 29 (24.4%) can 
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Broncliopleural fistula was recognized clinically in 4 cases. Three 
of these were associated with tuberculous empj’^ema and 1 with a 
mixed infection empyema. Spontaneous pneumothorax superim- 
posed on therapeutic pneumothorax occurred in 7 cases (6.1%). 
This incidence is somewhat higher than that reported by Matson,^’ 
who observed this complication in only 3% of his non-diabetic 
patients. Air embolism and spontaneous hemothorax each occurred 
in 1 instance. 

From this analj^sis we can conclude that the complications of 
pneumothorax in tuberculous diabetics are not appreciably higher 
than in non-diabetics, but that the results of this procedure are less 
favorable in diabetic individuals. This observation should not dis- 
courage the use of pneumothorax in these patients since the results 
are better than could be exjiected from conservative therapy. 

Intra'pleural Pneumonolysis. The results of intrapleural pneu- 
monolysis in tuberculous diabetics have been the subject of a sepa- 
rate study carried out bj'^ Drs. Harry Epstein and Flora Liu.'^ 
Their findings are freely quoted here. The procedure was attempted 
in 33 of the 139 tuberculous diabetics who were subjects of pneumo- 
thorax therapy. Of the 33 cases, adhesions could be severed in 
only 20. In 7 of the 33 cases, the operation was performed in two 
stages, and in one in three stages, making a total of 42 operations. 
The operation resulted in closure of the cavity in 13 of 20 patients. 
These results are comparable to those reported by Stemmerman 
and Tcherkoff®® on non-diabetic patients at Sea View Hospital and 
to those of Brissaud® and of Smith®® from other institutions. However, 
the diabetic group is too small to be of great statistical significance. 

Complications of intrapleural pneumonolysis seem to be more fre- 
quent in diabetic patients. Empyema, for example, followed the 
procedure in 27.2% of the cases — an incidence which is considerably 
higher than 5.8% to 9% reported for non-diabetics (Stemmerman 
and Tcherkoff,®® Coryllos,® Smith®®). 

Thoracoplasty was performed in 5 patients. In 1 of these a one- 
stage procedure was carried out and in the remaining 4, two stages. 
Three of the patients died. In 2 of these death was directly attrib- 
utable to the operative procedure. One died after a first-stage 
operation and the other following the second stage. The third 
death resulted from insulin resistance and diabetic coma, the patient 
dying 26 months after the operative procedure. In this case the 
tuberculosis continued to progress after operation. In 1 instance 
the tuberculosis was arrested and in another apparently arrested as 
a result of thoracoplasty. 

The number of our cases subjected to thoracoplasty is obi’iously 
too small to permit any conclusions as to the results of this procedure 
in tuberculous diabetics. All that can be said is that these patients 
can be subjected to thoracoplasty and if the diabetes is well con- 
trolled, they do not develop unusual complications. It was inter- 



confine fofaj "’te Were nl*’?'’^®™‘''>nS^'?'"’® 

/nter^afe ■;. f « "Ct 

ipps3^ s 

:^r:s^^“s£ps’-£s£-. 

'■'Eposes '” nonU A?*® 


^■<‘A^u/ar or n. 

-Ssfl's^sPS;':?""- 

iCunlotr"" 

'“"'■•■'•assy,s.,,w„ 

“'*' J036. 


502 


SIC fakixiVnd: salia^aky glaxd siixf:D tusiors 


(4.) Bendove, R. A., Alexander, H., and Lipstein, S.; Am. Rev. Tuberc., 41, 177, 
1940. (6.) Bendove, R. A., Miller, B., and Alexander, H.; Quart. Bull. Sea A^ew 
Hosp., 2, 137, 1937. (6.) Brissaud, E.: Rev. de la tuberc., 11, 452, 1930. (7.) Buirel, 
L. S. T.: Brit. Med. J.. 2, 8, 1920. (8.) CoryUos, P. N.; Quart. Bull. Sea A'’ien- 

Hosp., 1, 465, 1936. (9.) Curschmann, H.: Beitr. z. Klin. d. Tuberk., 69, 540, 1928. 

(10.) Dumarest and Brette: Quoted by AA'eisman.” (11.) Elwood, B. J.: Am. Rev. 
Tuberc., 39, 181, 1939. (12.) Epstein, H., and Lin, F.: Results of Intrapleural 

Pneumonolysis in the Diabetic (to bo published). (13.) Fishberg, M.: Pulmonary 
Tuberculosis, Philadelphia, Lea & Febiger, 2, 213, 1932. (14.) Fitz, R.: Am. J. 

Med. Sci., 180, 192, 1930. (15.) Freilich, E. B., and Coe, G. C.: Am. Rev. Tuberc., 

34, 293, 1936. (16.) Hayes, J. N.: Ibid., 16, 680, 1927. (17.) Himsworth, H. P.: 

Quart. J. Med., 7, 373, 19.38. (18.) Keaton, R. W. ; Diabetes and Tuberculosis 

(Sect, in Goldberg’s Clinical Tuberculosis), Philadelphia, F. A. Da%'is Company, 
1. K3, 1939. (19.) Keimedy, W. R.: Canad. Med. Assn. J., 29, 482, 1933. (20.) 

King, S. E.: (a) Med. Clin. North America, 20, 829, 1936; (6) Quart. Bull. Sea A^ew 
Hosp., 1, 416, 1936. (21.) Lnndberg, E.: Acta med. Scand., 62, 1, 1925. (22.) 

Mark, M. F., Sackey, M. S., and Mosenthal, H. O.: Quart. Bull. Sea A'’iew Hosp., 2, 
357, 1937. (23.) Matson, R. C. ; Arti6cial Pneumothorax, Goldberg's Clinical Tuber- 

■culosis, Philadelphia, F. A. Davis Company, 1, D3, 1939. (24.) Meyers, G. B., 

and McKean, R. M.; Am. Rev. Tuberc., 34. 219, 1936. (25.) Moen, J. K., and 
Reismann, H. A.: Arch. Int. Med., 51, 789, 1933. (26.) Mosenthal, H. O.: J. Am. 

Med. Assn., 105, 484, 1935. (27.) Mosenthal, H. O., and Mark, M. F. : (a) Ibid., 113. 
17, 1939; (5) Ibid., 116, 2652, 1941. (28.) Navean: Quoted by AVeisman.” (29.) 

Ralli, E. P., and Steinberg, I.; J. Lab. and Clin. Med., 23, 581, 1938. (30.) Root, 

H. F. : (a) New England J. Med., 210, 1, 1934; (6) Ibid., p. 127; (c) Ibid., p. 192; 
(d) Am. j. Med. Sci., 200, 53, 1940. (31.) Root, H. F., and Bloor, W. R.: Am. Rev. 
'Tuberc., 39, 714, 1939. (32.) Rosenberg, M., and Wolf, G.: Klin. AVcbnschr., 6, 
936, 1927. (33.) Smith, J.: Ihierto Rican J. Pub. Health and Trop. Med., 14, 138, 

1938-39. (34.) Sossman, M. C., and Steidl, J. H.: Am. J. Roentgenol, and Rad. 

Ther., 17, 625, 1927. (35.) Steinhach, M. M., Klein, S. J., and Deskowitz, M.: 

Am. Rev. Tuberc., 32, 665, 1935. (36.) Stemmerman, M., and Tcherkoff, I.: Quart. 

Bull. Sea A^iew Hosp., 5, 421, 1940. (37.) Tolstoi, E., and Weber, F. C., Jr.: Arch. 

Int. Med., 64, 91, 1939. (38.) Wassmond, H.: Beitr. z. Klin. d. Tuberk., 67, 552, 

1927. (39.) Weisman, J. I. : Am. Rev. Tuberc., 33, 522, 1936. (40.) Wessler, H., 

and Hennell, H. : Ibid., 27, 47, 1933. (41.) Wiener, J. J., and Biavee, J.: Ibid., 34, 

179, 1936. (42.) Wilder, R. M.: Ann. Int. Med., 11, 13, 1937. 


THE HISTOPATHOLOGIC PROGNOSIS OF SALIVARY GLAND 

MIXED TUMORS. 

By Joseph McFarland, M.D., Sc.D., 

EMERITUS PROFESSOR OF PATHOLOGY IN THE UNIVERSITY OF PENNSYLVANIA; PRO- 
FESSOR OF GENERAL PATHOLOGY IN THE TEMPLE UNIVERSITY DENTAL SCHOOL, 
PHILADELPHLA, FA. 

(From the Laboratory of Pathology, School of Medicine, University of Penns3dvania.) 

As indicated in prcA’ious publications'””^ upon these tumors, my 
interest Avas directed to their peculiar structure and more peculiar 
clinical behaA’ior some 20 years ago. I found them somewhat rare, 
A'ery diA’ersified in structure, and divisible into numerous subgroups, 
but not enough of them came into my hands to satisfy my require- 
ments for a careful analytical study. In order to obtain an ade- 
quate number, I searched the records of the leading hospitals m 
and about Philadelphia, e.\’amined their microscopic sections and 
copied their case histories, inquiring from year to year what addi- 
tions they may haA'e had to add to my collection. I also maintained 
through inquiry, correspondence and visitation a fairly efficient 
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“foliow-up.” For the universal courtesy and cooperation shown 
me, I now desire to express my sincere thanks to each of the friends 
wlio gave me of his time and material. 

The number of cases thus brought together has now reached 421. 
But in the following tabulations and computations, that total never 
ajipears, as some of the cases of which I have studied the micro- 
scopic sections were unaccompanied by any data, and sometimes 
I found 'data upon cases for which microscopic sections were no 
longer available. 

As my chief interest centered about the so-called “mixed tumors,” 
at first I asked for no other varieties. But it soon became evident 
that other captions would have to be called upon, as the different 
theories for accounting for the origin of the tumors, their various 
appearances and the personal opinions of the pathologists by whom 
they were examined, led to confusion of nomenclature, so that simi- 
lar tumors might appear under such different names as mixed 
tumors, endotheliomas, adenocarcinomas, myxochondromas, carci- 
nomas, enclavomas, branchiomas and adenomas. A few were even 
designated sarcomas. It was from all these groups that my cases 
were finally selected after careful examination of the microscopic 
slides and consideration of the protocols, when available. But not- 
withstanding all my care, I find included in my material at least 
21 cases that do not seem to be mixed tumors. Whether some may 
be peculiar members of the mixed tumor group, or possible trans- 
formations of originally mixed tumors is an academic question too 
difficult to speculate about in the present paper. It is possible that 
some, are lymphoblastomas, some granulomas; ihany have not 
been identified. 

So7nc Twnors Mistaken for Mixed Tvmors That Have Entered. Into 
Our Material. 

Angiomas. 

Non-recurrcnl. 

No. 245. S. G., female, 10 months. An attempt was made to remove 
the angioma but tlie vessels were found to extend into the deeper ti.ssues. 
Tiie child died 2 days after operation. 

No. 40S. R. E. n., male, 5 months. Thi-s tumor had been present at 
In'rth. The entire parotid gland was removed. The patient is well and 
has had no recurrence in 13 years. 

lIOimiLE Cell Tumors (On'crocytomas) . 

No77-rcciirrc7}t, 

No. 402. H. H., female, 74 years. For many vears had a pea-.sized 
tumor near the angle of the left jaw. It became tender and was therefore 
exciswl 2 years ago. Ixist. 

Recurrent, 

, No. 00. I. B., male, SO years. The tumor existed for 3 vears before 
It was opomtivoly removed in 1923. I reported it as an adenoma but 
r- years later there was a recurrence that in the cour.<e of G years ’grew 
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to the size of a plum. The man died in 1941, at nearly 90 j’^ears of age, tlie 
tumor not having been removed and giving no trouble e.xcept slight pain 
on opening tlic moutli. It never ulcerated. 

Neuiiofibro.ma— Schwannoma. 

'Non-recurrenl. 

No. ISl. PI. D., white female, 32 years. Had the tumor 5 3 'ears when 
it wa.s exci.sed. No recurrence in 7 j'ears. 

Recurrent. 

No. 119. P. C., white male, 58 j'cans; right side. Tumor first appeared 
in 1887 and was excised in 1895. In 1927 there was a recurrence. Tliis was 
excised in 1931. In 1935 a second recurrence was reported. He now has 
facial pals 3 \ 

Branchiogenic Carcinomas? 

Non-recurrenl. 

No. 359. L. H., black male, 66 3 ^ears. Was admitted to the hospital 
with a tennis-ball sized swelling below the right mandibular angle. It wp 
excised and proved to be an epidermoid carcinoma. No recurrence in 

1 3 'ear. Lost. 

Recurrent. 

No. 77. J. D., white male, 51 3 'ears. For 4 months he had observed a 
small lump to the right of the midUne of the neck. It grew rapidl 3 ’’, to the 
right, without pain, and was the size of an orange when excised. It re- 
curred repeatedl 3 ' and w'as excised 4 times at intervals of about 6 months. 
He died of the tumor 37 months after the last operation. 

The glandular distribution of the mixed tumors was as follows: 

2 sublingual, 12 submaxillar 3 ’^, 380 parotid. 

As the position of the tumor is not always such as to permit the 
surgeon to be sure from which gland it arises, there may' have been 
more submaxillary'- and fewer parotid tumors. 

The sex distribution of the tumors was found to be as follows: 
males, 184; females, 212. There were 144 noted on the right side, 
147 on the left. There was no case of bilateral tumors nor of 
simultaneous tumors in two different glands; there ivere a few multi- 
centric tumors. 

With the doubtful tumors excluded and w^ith 400 accepted mixed 
tumors remaining, we find that their operative removal has been 
folloived by^ recurrence in 100 (25%). This corresponds fairly' well 
with what is usually' stated in the books and might be permitted to 
stand, were it not for certain modify'ing circumstances. It is impos- 
sible to arrive at accurate percentages in the matter of recurrence, 
as will be evident from the following: Of the total of 400 cases, 
96 have been lost to the follow-up w’ithout record of recurrence, so 
that no one is in a position to say' whether they have suffered from 
recurrences or not. Deducting them from the total makes the per- 
centage of recurrences rise to 32.5%. Suppose the “ o-y'ear rule, 
widely adopted in the study of cancer, be applied to the “mixerl 
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tumors,” .‘ind every case not under observation for 5 years l)e ruled 
out, wliat Avould tlien l)e the percentage of recurrences? Of our 
tumors still under observation, 30 have been for jieriods up to 
4 years, but no longer. If we now deduct them, the recurrences 
rise to 36.4%. Furthermore, 66 of the patients from whom mixed 
tumors had been surgically removed have died without having 
suffered from the recurrences they might have had, had they lived 
longer. If we deduct them so that our calculation is based onlj^ 
upon those cases still living and still under observation, the percentage 
of possible recurrences rises to 48%. 

But the average length of time that elapses between the operati\^e 
removal of the primarj'- tumor and its recurrence was shown in a 
previous paper to be 7 years, and if we consider only those cases 
that have been under observation for that period or longer, the 
possible recurrences rise to 62%. 

In the study of oncology, nothing is more important than the 
complete history of the tumor from the time of its first discovery 
until its end with the death of the patient. Even then one should 
not be satisfied; a necropsy should be performed, the cause of the 
patient’s death determined, and any part toward it contributed by 
the tumor carefully noted. All this requires persistent “follow-up ” 
of the patients, year after year— a matter that is frequently at- 
tended by great difficulty. 

The course of these tumors is often very tedious and the patients 
have ample opportunity to move from place to place, city to city, 
or even country to country, leaving no addresses behind. For 
instance. Case 85 (M. S.) was first operated upon in Odessa, Russia. 
Some years afterward she came to live in Philadelphia, where she 
underwent operations for the removal of recurrences in the J\Ieth- 
odist, the Mt. Sinai, the Lankenau and the Philadelphia General 
I'lospitals, where she died. Case 127 (M. D.) was first operated 
upon in St. Louis, Mo.; then moving to Philadelphia, was again 
operated upon in the Jewish, the Hahnemann, and the University 
Hospitals, after which she died of the tumor in the Lucian IMoss 
Home. To follow peripatetic patients like these requires time, 
])aticncc, perseverance, and sometimes e.xjJenditure of money. 

But the reason for persisting in keeping track of the patient is 
evident when the vagaries of the tumor are kept in mind. Although 
a few of the tumors are said to recur “immediately,” “at once,” 
“very soon” or “shortly,” the greater number show no new tumor 
growth for years. In our cases, the average period elapsing between 
tlie excision of the primary tumor and the discovery of a recurrence 
is about 7 years. It is impossible to arrive at an accurate figure for 
this interval because the patients never note the exact date of recur- 
rence, but think of it as “ G montlis” or “a year ” or “IS months ” ago, 
and also because in many cases tlie only interval given on the protcH 
col is that between successive operations. 

vot_ eiv?. NO. 4.— .vrmi., 1012 17 
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But itlthnugh 7 .years is the a\x‘rage periori, 10, 15, 20, 25, SO, 85, 
40 and even 45 .'S’cars uia.y pass licfore recurrence comes about. 
This naturall.v raises the question wJietiier an.yone once the victim 
of a mixed tumor ma.v ever be regarded as “well” and “completely 
out of danger.” 

Most of the mixed tumors are nodular, lobulated and encapsu- 
lated. Each lobule has its own capsule, while a general capsule 
surrounds the whole. It appears as though the tumors are often 
multicentric, each lobule separated from its neighbor, in the begin- 
ning, sometimes by a narrow interval, sometimes by a greater one. 
The greater the separation of the lobules, the longer the tumor must 
grow, and the larger the size it must attain before all parts become 
surrounded bj" the general capsule. 

In a previous paper I made a careful study of the frequency of the 
recurrence of these tumors in relation to their size at the time of 
primary excision. It showed that when the tumors removed were 
smaller than a lemon, about twice as man.y recurred as when they 
were larger than a lemon. It would, therefore, seem as though the 
smaller tumors offered a greater opportunit.v for the surgeon to over- 
look the still separate, small, outlying lobules, than the larger ones. 
But, of course, other factors, such as the nature of the tumor, 
undoubtedly influence recurrence. 

The patient afflicted with the tumor and the surgeon who operates 
upon it always want to know the probability of recurrence, and in 
no other field does there seem to be such contradictory prognostic 
evidence as among tlie mixed tumors. One has a structure tliat 
suggests no further trouble, yet the tumor quickly recurs; another 
presents all the appearances usually thought to indicate a malignant 
disposition, yet after excision nothing happens. I have suffered 
such repeated mortification and embarrassment through predicting 


Legends fob Figs. 1 to 6. 

Fig. 1. — Simple interstitial tumor complicated by an excess of cells. Case 12-1. 
A. R., aged 51, white. Tumor of 40 years’ duration. The tumor recurred after an 
interval of 7 years and was again excised, since which there has been no recurrence 
in 11 years. 

Fig. 2. — Simple interstitial tumor with occasional areas suggesting carcinoma. 
Case 338. I. S., male, aged 44. The tumor recurred in 10 years, then again in 
3 years. 

Fig. 3. — Cylindroma of the parotid gland. Case 135. Dr. E. P. McN., white, 
aged 43. The known duration of the tumor was 3 to 4 years. There has been no 
recurrence in 6 years. , 

Fig. 4. — C5dindroma of the parotid gland. A. W., white male, aged 74. 1 
tumor was of 6 years' duration and the size of a baseball. It had not recurred 5 years 
after operation. , 

Fig. 5. — Simple canalicular tumor. Case 232. M. M., female, white, agea 
The tumor had been known to be present in the right sublingual gland for 3 year ■ 
It recurred 3 months after excision. . 

Fig. 0. — Simple canalicular type of tumor. Case 214. Mrs. I. E., white, “1^^, ' 

The tumor was of 6 to S years’ duration, recurred in 2 years after c.xcision. 1 
has hcen no further recurrence during 3 years after the second operation. 




1 to G. 

■n. be. .b». I 

carc'wouva. tuo V‘' -' 
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eluded; "When the pre-operative duration is expressed in years 
and the histological appearance presents no resemblance to cancer, 
the prognosis is good.” I wish that that were true, but, unfortu- 
nately, of the latter tumors 33% recur. 

As the reader is doubtless familiar vdth the histolog}^ of the more 
common varieties of the mixed tumors, the details need not be 
repeated. But different lobules of the same tumor sometimes show 
entirely different structure. Such being the case, the examination 
of one or another lobule, as accident might determine, might 
lead to the tumor being classified one waj' or another with different 
prognostic conclusions. This may account for some of the seem- 
ingly inconsistent and perplexing behavior of the tumors. But no 
])athologist can examine every part of every tumor; he must rou- 
tinelj'^ be satisfied with at best the examination of a few sections 
and form his opinion from them. 

• ^Vlien such examinations are made the tumors can be divided, 
not scientifically but convenientlj-, into two main groups, in one of 
which the interstitial type of tissue— mucoid, chondroid, hyaline, 
and so on— preponderates, and in the other of which the parenchy- 
matous or epithelial type preponderates. There is no sharp 
line of distinction between the two and the placing of a tumor 
in one or the other class is a matter of judgment. In either 
case, how^ever, there are additional points of interest that may 
attract attention and bear upon the prognosis, such as an unusual 
abundance of the small spindle cells, the unexpected presence of 
epidermal cells wdth prickles and of occasional epithelial pearls, an 
unusual amount of the gland-like elements that are almost always 
to be found upon the surfaces of the lobules of the interstitial tipue 
tumors, or betw^een their lobules, and the appearance of dilatations 


Legends fob Figs. 7 to 11 

Fig. 7. — The canalicular papillary tumor. Case 220. Mrs. L. D., white, female, 
aged 62. The preopefative duration of the tumor was only 1 month. It wM 
operatively removed 5 times in 4 years, recurring each time. It finally caused tn 
death of the patient though it produced no metastasis. . 

Fig. 8 . — Canalicular and carcinomatoid tumor. Case 59. M. R., white, fema e, 
aged 45. The tumor in the left parotid gland was of 5 to 6 years' duration, o 
had several excisions followed each time by recurrence, the last growing large, en er- 
ing the orbit and invading the 'cranial cavity with fetal pressure. There was n 
known metastasis. _ t' ii ’ c 

Fig. 9. — ^A carcinomatoid tumor. Case 94 P. L. was a "little girl.” Followin 
excision of the tumor, there has been no recurrence in 7 years. _ , 

Fig. 10. — Canalicular tumor, with a few areas like that in the illustrations ■ 
appear carcinomatous. Case 306. A. G., aged 49, white, female. For two , 
had obsem-ed a small tumor below the left ear. "V^en it was as large as a dies 
she had it excised. There has been no recurrence in 3 years. a. G-< 

Fig. 11. — A mixed tumor metastasis in a cem'cal lymph node. Case llo- • " 

white, female, aged 15. There has been no return of the tumor 5 years sine 
last excision. 
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of tlie ducts and canaliculi of the parenchymatous variety, with 
occasional papillary growths extending into them, or the loss of the 
regular tubular pattern and an appearance suggesting carcinoma. 
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Tadle' 1. — Gnour A-I. The Simple Interstitial Mixed Tumors Without 
Histologic Elements Suggesting Malignanci'. 


a. Non-rceurrcnl. 


Case. 

Name. 

Sex. 

Age. 

Color. 

Side. 

Preop. 

duration 

(>78.), Sire. 

Postop. 

freedom 

(yrs.). 

Remarks. 

I 

n. s. 

M 

24 

W 

R 

8 

Walnut 

26 


2 

w. n. 

M 

59 

IV 

R 

8 


8 


3 

A. R. 

F 

63 

W 

L 

J 

• 

Orange 

5 

Died of pneumonia. 

i 

F. H. 

F 

19 

«• 

L 

3 

“Small" 

5 

Died of pul. lb. 

5 

M. E. 

F 

62 

W 

R 

32 


16 

Lost at 78 yrs. 

7 

E N. 

F 

49 

W 

R 

. . 


17 


9 

A. McC. 

F 

48 

W 

L 

20 


14 


H 

H. H. I>. 

F 

52 

W 

R 

8 


8 

Died of heart attack. 

12 

A.R. 

F 

32 

B 

R 

4 


23 


14 

J.Q. 

F 

58 

W 

L 

25 


17 


18 

E. S. 

M 

31 

W 


1 

Plum 

10 

Died of appendicitis. 

22 

B. D. 

F 

39 

W 

R 

io‘ 


11 


23 

E.L. 

F 

42 

W 

. . 



13 


27 

E.N. 

F 

50 

IV 


7-i 


15 


34 

E. M. 

F 

65 

IV 

L 

32 


IS 


35 

W. H. 

M 

33 

B 


G 


15(1) 


39 

C. J. 

M 

47 

\V 

L 

7 


13 


42 

M. H. 

M 

03 

W 

R 

32 


3 

Died of diabetes. 

44 

N. K. 

M 

28 

W 

R 

4 


4 

Lost, 

62 

A. C. C. 

F 

51 

IV 

L 

lo 


15 


61 

L G. 

M 

54 

IV 

L 

24 


9 

Lost. 

'95 

B. B. P. 

M 

W 

IV 

R 

2S 


13 

Suicide, 

100 

J. W. 

Jf 

37 

IV 

L 

5 


0 

Lost, 

103 

L.H. 

F 

43 

W 


2 


32 


105 

C.B.N. 

M 

34 

W 

. . 

H 


23 


128 

J.R. 

M 

34 

B 

L 

10 


8 


133 

,A. L. 

F 

31 

IV 

R 

8 


7 


136 

G. M T. 

• M 

66 

W 

L 

2 


6 


145 

R. L. 

F 


W 


. 


2 


150 

W.H. 

M 

43 

VV 

L 

“Some 


5 

Lost. 

152 

C.K. 

F 

32 

W 

L 

time” 

10 

•x* • 

6 


161 

M.A. 

F 

68 

VV 


10 


7 


163 

E. S. 

M 

23 

W 

R 

4 

Hen's egg 

11 


173 

W.H. 

M 

50 

W 


2 

Pea 

10 


209 

C. M. 

F 

37 

B 

L 

H 

Egg 

3 


217 

E. B. 

F 

51 

W 

R 

1 

Walnut 

5 


219 

S.G. 

F 

26 

W 

L 

4* 

Walnut 

5 


222 

M.L. 

M 

45 

W 

R 

6 

Lemon 

7 


227 

M. McN. 

F 

41 

W 

t 

7 

Pigeon’s egg 

7 


228 

E. B. 

F 

43 

W 

R 

1 


4 


240 

E.H. 

F 

26 

B' 


6 


4 


248 

M. C. 

F 

26 

W 

i 

1} 


9 


263 

S.S. 

JI 

36 

W 

R 


Walnut 

5 


264 

s. s. 

F 

50 

W 

h 

G 


7 

Died, 

271 

J.S. 

JI 

59 

TV 

L 

30 


7 

275 

I. D. 

F 

29 

W 

L 



7 


281 

J. G. K. 

JI 

27 

TV 

L 

’? 


7 


283 

W. M. 

M 


W 

. , 



C 


286 

E.M. 

F 

41 

TV 

R 

3 


11 


293 

F.S. 

M 

60 

W 

R 

20 


10 


302 

J.D. 

M 

38 

TV 

L 

8 


7 


303 

G.W. 

M 

34 

W 

L 

3 


3 to date 

Lost 

304 

F.C. 

M 

26 

W 

L 

H 

Walnut 

3 

313 

W.R. 

M 

21 

W 

L 

10 

Walnut 

5 


314 

R.H. 

M 

28 

W 

L 

I 

Grape 

3 to date 


341 

V.B. 

F 

42 

W 

L 

2 

Apple 

1 to date 


342 

H.B. 

M 

55 

W 

L 

2 


3 to date 


350 

M. B. 

F 

SO 

W 

. . 

. . 


3 to date 


352 

A. C. 

JI 

45 

W 

h 



3 to date 


357 

.A.H. 

M 

35 

W 

L 

10 


3 to date 


301 

H. A. 

F 

48 

VV 


12 


5 to date 


382 

M.B.T. 

F 

53 

B 

R 

10 


4 to date 
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h. 

Recurrcnl. 









Preop. 


Postop. 







duration 


freedom 

Remarks. 

Case, 

Name. 

Sex. 

Age, Color. 

Side. 

(JTS.). 

Size. 

(yrs.). 

G 

S. H. 

F 

25 

W 

L 

7 


29 


IG 

F. S. 

M 

22 

W 

R 

10 


7 

First excision in 1904; 

51 

E. tlaC. 

F 

35 

W 


3 


14 








1st rec. excised in 
1918; 2d rec. excised 












in 1924; 3d rec. ex- 
cised in 1929. 

53 

V. C. 

F 

23 

W 

L 

0 

IValmR 

Roe. at once 

IxOSt. 

5S 

G.S. 

M 

39 

W 

li 

10 

... 

2 

Died of Bright’s dis- 








ease 22 yrs. later. 

GO 

H.S. 

M 

29 

IV 


8 

Little lump 

1 

Lost. 

G1 

A.C. 

M 

25 

w 

ii 

0 

Almond 

Rec. in 17 


98 

H. A. 

M 

27 

w 


2 

... 

Rce. in 5, 0 

Lost. 








and 8 


122 

M. K. 

F 

42 

w 

R 

8 

Thumbnail 

1 

3 

Lost. 

HI 

li.S. 

F 

20 

w 

L 

1 

Walnut 

0 


HG 

F.Il. 

F 

30 

w 

L 

Part of 1 

Walnut 

5 


154 

E. W. 

M 

45 

B 

R 



7 

Still has it 5 >TS. after. 

150 

K.S. 

M 

22 

W 

L 


Small egg 

-1 


I5S 

J. S. 

M 



L 



Rce. no data 

Lost. 

1G7 

11. W. 

M 


W 


30 


Rce. at once 

Free for .5 yrs. 

178 

F.S. 

F 

30 

w 

ii 

2 


4, then no rec. 









in 7 


182 

R. h. 

F 

39 

\v 

R 

7 

Heu’a CRB 



189 

E. H. 

F 


w 

L 

10 

Lemon 

5 

Lost 

192 

R.K. 

F 


\v 

L 

8 

Walnut 

1 

Lost. 

193 

T. S. 

M 


w 

R 


Large orange 

13 and 21 

Died of pneumonia. 

205 

D. J. 

F 

34 

w 

R 

? 


3 

Had 2d excision. 

220 

A, O’N. 

F 


w 

R 



Rec. at once 

Lost. 









still has it 


230 

W. M. 

M 



R 



3 

Lost. 

234 

C.K. 

F 

GO 

iv 


2 

Walnut 

Rec. “soon 










after" 


29S 

J.K. 

M 

43 

\Y 

L 

2 

Walnut 

i 

Lost. 

34G 

W. U. 

M 


\v 

L 

12 

Lemon 

12 

Lost. 

SCO 

E. K. 

M 

50 

w 


10 

Walnut 

10 


307 

n. B. 

M 

18 

w 

L 

25 


1 

3 


3GS 

M. F. 

F 

55 

B 

R 

6 


-1 


309 

M. 0. 

M 

55 

w 


2 

... 

Rec. after 21 No rec. after 2d excis. 

370 

R. S, 

F 

43 

\\ 

L 

Many 

Walnut 

2 


380 

T. B. 

M 

20 


R 

2 


Rec. after 10 

Still has the tumor. 

38 1 

G.M. 

M 

34 

\v 

R 

No data 

Rec. in 8 mos. Still has the tumor. 

384 

I. L. 

F 

2.S 

\v 

R 

3 


Prob. rec. in 

3 

400 

W. F. 

M 

48 

IV 

R 

No data 

Rec. in a few 

Second operation in 









mos. 

7 JTS. 

T.mii,k 2.— Gnoup A- 

[I. The Si.mpeb 

Interstitial Mixed Tumor.s With 





Suspicious Elements. 




1 

. TUMORS 

3VITH 

AK 

UXUSUAl^ PROPORTION* OP CELLS. 






a. 

Non-rccurrent. 










Preop. 

Postop. 

C:\-v. 







duration 

freedom 

Name. 

Sex. 

Arc. 

Color. Side. 

(yrs.). 

Sire. 

(jTS.). Remarks. 

151 

G.H. 


M 

50 

3V 

R 

25-30 


9 

IGG 

G.E. 


F 

40 

W 

R 

12 


3 Died. 

238 

A. M. 


F 

4G 

IV 

L 

1 + 


Lost. 

278 

c. n 


F 

20 

W 


. 


30 

304 

r. c. 


M 

2n 

\V 


11 


3 

380 

E. G. 


F 

07 

IV 

L 

Several 

4 to date 







h. Recurrent. 



51 

r. (laC, 


V 


W 

. 


Rec. in .3, 10 fyict. 

121 

A. R. 







and 3, then 
free for 12 


M 

."it 

\V 

L 

40 

— Rce, in 2i3 

102 

c. 


K 

on 

W 

R 

1 

Ila« rce. now 
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2. TDMOJIS iN WHICH UCCAtilOSAI., HAKE CllOti'l'S <)I’ HQUAHOUS EriTHEUVM WERE 
FOUND, SOME WITH " FIHCKLES,” OH KPITHEHAI, PEARLS. 

a. Non-rccurrcitt. 


Prcop. Postcp. 

duration freedom 


Case. 

Name. 

Sex. 

Arc. 

Color. 

Side. 

(>TS.). 

Size. 

(jTS.). 

Remarks. 

19 

M. McI. 

F 

26 

\\ 


3 


15 


21 

L.B. 

F 

32 





11 


25 

C. K. 

F 

30 

B 


12 

Kfig 

13 


20 

A. C. 

M 

35 

AV 

L 

4 

Walnut 

0 

Lo.st. 

199 

S. U. 

F 

16 

W 

I, 

\ 

Hickory' nut 

7 


202 

H. R. 

F 

6.5 

AV 

B 

3 

Brazil nut 

5 


272 

L. B. 

F 

75 

AA’ 

It 

20 



JjOSt. 

347 

M. B. 

F 

10 

AA' 




2 


354 

M. M. 

F 

28 

AV 

i 

I 

Marble 

2 






h. 

Recurrent. 




50 

C. B. 

F 

86 

AA’ 


. . 

Olive to 

30 

Died. 








orange 


Still has it. 

52 

A. S. 

F 

23 

AA’ 

R 

-1 

Almond 

7 

169 

B. Z. 

F 

42 

AA’ 

L 



9 


172 

J. M. 

M 

19 

AA' 





Came ia with a 










recurrence. 

319 

H. S. 

M 

37 

AA' 




13 



3. TUMORS IN AVHICH SOME OB ALL OF THE STROMA, INSTEAD OF BEING SIUCOID OB 
CHONDROID, CONSISTED OF COARSE HYALINE MORE OR LESS PARALLEL BUNDLES, 
BETWEEN AVHICH THE CELLULAR AND GLANDULAR ELE.MENTS ARE COMPRESSED; 

Cylindroma in Billroth’s sense. 


a. N on-recurrent. 


135 

E. P. M'N. 

M 

43 

AA’ 


3-4 

Olive 

6 

297 

A. AA’. 

M 

74 

B 

R 

6 

Baseball 

5 

385 

J.T. 

M 

65 

AA’ 

h. 

R 4 

Recurrent. 

Lemon 

Primary tumor 
not entirely ex- 
cised unchanged 
for 4 

37 

J.H. 

M 

77 

AA’ 

L 

10 


2 

46 

A.M. 

F 

36 

AA’ 

h 



Still has Utmor 

48 

B. B. 

F 

39 

W 

K 

20 

Plum 

12 Lost. 

139 

M.K. 

M 

50 

AV 

h 



2 

free for 7 

148 

J.P. 

M 

46 

AV 

h 

10 


Rec.in, 3 ,7,10, 
no further rec. 

0 

20 

337 

Dr.G. 

F 

44 

AA’ 


25 

Lemon 


4. TUMORS IN WHICH THE PARENCHYilATOUS OR GLANDULAR ELEMENTS WERE CON 
SPICUOUS COMPONENTS, AVITHOUT ACTUALLY' ALTERING THE GENERAL TYPE 
OF THE TUMOR. 


a. Non-recurrenl. 


20 

H. D. 

F 

44 

AA’ 

R 

15 

13 

24 

J.D. 

M 

42 




4 

239 

M. F. 

F 

45 

AV 

i 

1 

Hickory nut 4 

280 

E.H. 

M 

33 

AV 

L 


9 

314 

R. H. 

M 

28 

W 

L 

2 

Grape 3 






b. Recurrent. 



B. C. R. 

M 

43 

AV 

L 

IG 

21 

49 

H. B. AA'. 

F 



.. 

. , 

Rec. in 7, 4, 12 






free for 12 

171 

273 

.4.F. 

F 

47 

AV 

h 

27 

Rec. in 1,5, 11 

H. B. 

M 

50 

AV 

L 

15 

Plum 5 
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5. TUMORS IN "WHICH SOME SMALL AREAS HAVE SUFFICIENT RESEMBLANCE TO CARCI- 
NOMA TO ATTRACT ATTENTION AND AWAKE THE BUBFICION OF MALIGNANT CHANGE. 

a. Non-recurrenl. 


Preop. Postop. 

duration, freedom 


Case. 

Name. 

Sex. 

Age. 

Color. 

Side. 

(yrs.). 

Size. 

(yrs.). 

Remarks. 

33 

L. D. 

M 

40 

W 

L 

4 

Grape 

4 

Died. 

130 

G. M. T. 

M 

GO 

W 

L 

2 

Hickory nut 

. 0 


210 j 

E. W. F. 

F 


W 




2 

Died. 





b. 

Recurrent. 




52 

A. 8. 

F 

23 

W 

R 

4 

Almond 

7 

Had rec. for 10 










yrs. 

29S 

K. K. 

M 


W 

L 

2 

Walnut 

}, then in 10, 3 Lost. 


G. TUMORS IVHOSE UNUSUAL RICHNESS IN SPINDLE AND SPIDER CELLS SUGGESTS 
BEGINNING SPINDLE CELL SARCOMA OR MVXOSARCOMA. 

a. Non-rccurrcnt. 


215 

G. 0. 

Af 

20 

W 

R 5 Walnut 

5 


307 

C.M. 

F 

39 

w 

L U 41 cm. 

b. Recurrent. 

5 


65 

M.Z. 

F 

04 

w 

R 20 2 fists 

li 

Died of rcc. in 

8 JTS. 


7. TUMORS IN ■WHICH 

OSTEOID OR OSSEOUS TISSUE WAS PRESENT. ' 

a. Non-rccurrcnt. 

100 

M. DiE 

F 

23 

W 

L i 

1 

Lost. 

229 

L. A. 

F 

18 

B 

R 18 Egg 

, , 

Lost. 

317 

M. p. n. 

F 

19 

W 

1 

2 



Table 3.— Group B. The Canalicular Tumors. 


(These sire tumors whose structure is largely parenchymatous, glandular and canalic- 
ular. Some arc made up of simple tubules, some of dilated tubules with complex 
vegetations, some have the parenchymatous elements so compacted and crowded 
together as to present a carcinomatoid appearance.) 


1. THE SIMPLE CANALICULAR TUMORS, 
a. Non-recurrenl. 


Case. 

Name. 

8cx. 

Age. 

99 

A. G. 

F 

73 

117 

C.P.P. 

F 

10 

140 

U. R. 

F 

81 

214 

1. E. 

F 

,55 

210 

E. R. 

F 

20 

299 

L. T. 

F 

50 

oOfi 

A.G. 

1' 

49 

411 

N.8. 

M 



122 

.Af. K. 

F 

42 

171 

A. F. 

F 

47 

2.52 

M. .M. 

F 

47 

270 

B.J. 

F 

22 

317 

B. If. 

F 

on 

.518 

J. 

r 

70 


G's ca^ie 

r 

41 

T'OC) 

M.'G. 

r 


42i 

J. 8. 

F 



Color. 

Side. 

Preop. 

duration 

(yrs.). 

Sire. 

W 

L 

20 

Olive 

W 

L 

2 

2) x2j xll cm. 

•• 


20 


5V 

R 

C-S 


W 

. 

6 

, , 

W 

L 

1 T 


W 

L 

1 

Walnut 



Long 



b. 

Recurrent. 

W 

R 

8 

Thumbnail 

W 

L 

27 


W 

R 

3 

Lemon 

W 


U 

Walnut 

IV 

L 



W 

U 



w 


2.5 

Lemon 


i 

No data 


Postop. 

freedom 


(its.). 

Remarks. 

5 

Lost 

t 

Died in 1 jt. of other 


causes than tumor. 

4 

4 

5 


7 

Suhlingual; oiieralcd on a 


few mos. ago. 

i 

fyOSt. 

Rec. 3 

Lost. 

times in , 


1 

Lost. 

5 

Sublingual. 

Rec. 3 
times 
41. arain 

No recurrence since 103G. 

in 9 


Rec 

In 211 JTS. has grown to 

'‘shortly" 

sire of cantaloupe; ex- 
cised again. 

2 

Lost. 

Only rec. is krsown to us. 
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2. THE JNTHACANALICUEAB rAWEEARY TUMORS, 
a. Non-rccurrcnt. 


Case. 

Name. 

Sex. 

Age. 

Color. 

PTCOp. 

duration 

Side. (}TS,). Sixe. 

Postop. 

freedom 

(jTs.). RcmarlcE. 

222 

M.L. 

M 

45 

W 

11 0 lemon 

7 

334 

A's case 

T 

31 

IV 

i Him 

i 

7S 

H.M. 

M 

02 

IV 

6. Recurrent. 

R 5 

i 

Dkd of {umof m about 

85 

M.S. 

F 

43 



7 >TB. 

3 rcc. jD 24 Died of tumor. 

104 

M.S. 

F 

21 


.. *5 

2 rcc» in 5 

127 

M. D. 

F 

41 


..27 

5 oper. Died of tumor. 

153 

F.M. 

Jf 

41 


1 20 

for roc. 

2 oper. Lost. 

206 

M.S. 

F 

37 



for tec, 

5 

220 

M . ». 

F 


iv 

11 Walnut 

Various Oper. after 6 mos., 2 jts., 

232 

JI. il. 

F 

47 

W 

R 3 Almond 

3 mos.. 0 jnos.; died 
1 jT. later. 

{ Lost. 

333 

L.M. 

F 

20 

IV 

1 2 

1 Died of (umor. 


3. THE CARCINOSIATOtD CAHAEICUEAK TUMORS, THAT RESEMBLE CARCINOJfA TO 
SUCH AH EXTENT THAT IT JIAY' BE I.MPOSSISEE TO AVOID CONFUSIOA". 


94 

P.L. 

F 

tittle girl W 

a. Non-Tecurreni. 


202 

C.B.R. 

F 

37 

W 

h 1 Aimood 

9 Six JTS, after excision 

SOS 

G.C. 

F 

SO 

W 

R 2 Em 

‘imnp appeared but 
compietelydisappeared 
under x-ray’s." 

0 

59 

M.R, 

F 

45 

W 

h. Recurrent. 

, . 5-6 Walnut 

Roc. in J. Died of tumor. 

Its 

S.G. 

F 

10 

W 

1 .. 

1.2 

5 eper, in 6 Welt 6 jts. 

236 

M.C. 

F 

50 

W 

R 0 

Rcc, in a 


Table 4.- 

-Group C. 

few mos.» 

2, 1, 1 

The Cakcixomatoid Mixed TUaMors. 


(I have employed this term to include tumore arising, supposedly, in the salivarj’ 
glands and so closely resembling carcinomas as usually to he classified as such. 
Though some listed below may be carcinomas, they differ strikingly in the particulars 
pointed out.) 

I. The Tumors Make Their Apreabance at a Very Early Ace. 

Case 115. S. G., white female. The tumor first appeared at 7 years, tilio 
has had 4 operations for its removal, and has had treatments by Hoenfgen 
rays and radium packs. She is now 21 5 'ears old, and has been without 
recurrence for 6 years, is in good flesh, works as a laboratorj^ technician 
and is regarded as "cured." 

Case 127. M. D., white female. The tumor was discovered at 4 years. 
She died at the age of 42, haring in the course of 38 years, undergone 
6 operations for the excision of the tumor and its recurrences, several courses 
of Roentgen ray treatments, radium applications, dimlsion of the Wth 
nerve root for the relief of pain, and haring long had facial palsj’. The 
tumor never metastasized, though it caused her death. 

Cose 197. E. S,. white female. The tumor was first observed in earli' child- 
hood, and was first treated rvhen she was 10 years old. During the ncx 
45 years "various attempts at removal were made without success as the 
tumor always recurred.” The last operation rr-as in 1935, since when she 
has "had no more trouble.” 
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II. The Tumobs M\y Have an Extkemeey Long Pbeopebative Duration. 

This may support the theory that a “benign mixed tumor,’’ “becomes 
malignant’’ or undergoes “malignant degeneration.” 

Case 88. M, H., white female, had a small tumor of some kind, “cheese 
tumor,” removed from the parotid I'egion, and 15 years afterward applied 
for treatment because of a recurrence the size of an orange. This was 
treated by radium. After 2 years, 2 nodules, supposed to be metastatically 
invaded lymph nodes, were found in the submaxillary region, and the 
fluoroscope showed some kind of nodules in the lungs. She died 3 years 
later, at home, and no necropsy was performed. She will again appear 
under carcinomas. 

Case 191. G. F., white male, he had a small “parotid cyst” removed, and 
15 or 18 years later came to the hospital with a tumor the size of a lemon, 
situated in the same place. This was excised. He died, at home, 2 years 
later, but no necropsy was performed. 

Case 252. W. K., white male, had a tumor on the right side of his face for 
15 years before removal. The recurrence seems to have been a carcinoma 
and will again appear under that heading. 

III. The Tumors, Uneike Carcinomas, Are Rarely Metastatic. 

Case 8G. Mrs. S. L., white female of 68, had a carcinomatoid canalicular 
tumor, and was said to have metastasis to the cervical lymph nodes. The 
tumor was excised, recurred and was again excised in less than a year. 
She died 10 months later, at home. No necropsy. 

Case 88. M. H., white female, was considered in Section II, -with the reason 
for thinking that the tumor was probably metastatic. 

Case 115. S. G., white female, of 21 (see Section I), had an undoubted metas- 
tasis in a cervical lymph node. Histopathologists differed as to whether 
it was a “mixed tumor” metastasis or a carcinoma metastasis. If the latter, 
it is unusual at as early an age as 15 years, and it is equally unusual for 
G more years to pass without new signs of the presence of the tumor. 

Case 333. Mrs. L. M., white female, of 21, had an intracanalicular papillarj' 
mixed tumor of the parotid, for which she was operated upon. Facial 
palsy resulted, followed by recurrence of the tumor in about a year. A 
second operation was followed by a second recurrence. A third operation 
was performed, and enlarged cervical lymph nodes wore also removed. 
The latter showed only inflammation, no metastasis. A short time after 
the last operation she became unconscious, remained so for 7 days, then 
flied. Her family physician interpreted the unconsciousness as due to 
cerebral metastasis, but of this there is no proof, as there was no necropsy. 
It might have boon due to embolism or to apoplexy. 


IV. Surgical Excision Is Sometimes Followed by App.\bent “Cure.” 

Case S. E. C., white female, of 50; C years. Walnut size. Died of pul- 
monary tuberculosis 5 years later, without recurrence of the tumor, micro- 
scopic sections of which were thought to bo “carcinoma.” 

Ca.se 73. J. McG., white male, of 21; 2 years. For 2 years had a lump in the 
right side of the nock at the angle of the jaw that was thought to be tuber- 
culous lymph nodes. Excised and examined microscopically, it was found 
to be “carcinoma.” The patient never had any recurrence or further local 
trouble and died of pulmonarj’ tuberculosis 7 years later. 

Ca,so 74. D. C.. white female, of 30; 1 year. Right side, G cm. in diameter. 
The tumor was excised, had a structure suggesting an anaplastic squamous 
carcinoma. The patient is living and well 15 years later, without recur- 
rence. 

Cwse 7G. J. p., white male, of 50; 2 years. Egg-sized. Excised and re- 
curred within a year. After a second excision there wa.s no recurrence in 
20 years, the patient still living and well. Mctastasi.s w.as observed in 
cervical lymph nodes, exactly like that in Case 115, and was regarded as 
c.arcinoma mctasta.«is. Upon later and more careful examination, however, 
they xYcre found to l>e “mixed tumor metastasis.” 
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Table 5.— Gnoui- D. Tub Sarcomatoids of the Salivary Glands. 

1. HESEMBLING MYXOSARCOMA. 
a. Non-rccurrcnl. 


Sex. Age, 


Prcop. 
duratioD 
Color. Side. (yrs.). 
■NV L 1 

.. n 2 


Size. 
4 1 cm. 


Postop. 

freedom 

(>T3.). 

G 

No rec. in 
10 


Pemarts. 


?>. Recurrent, 
L 4 ? Esc 


13 Was again excised, ^th 
rcc. and lived a numl^er 
of years; died of pneu- 
moniaat home;nonecr. 


2. RESEMBMNG SPINDLE CELL SARCOMA. 
a. Non~rccurrent, 


215 

68 

G. 0. 

P. W. 

M 

F 

20 

34 ■ 

W 

W 

Jl S Walnut 

R 3 Walnut 

5 

5 


55 

M. Z. 

F 

04 

W 

b. Recurrent. 

R 20 

15 

After trauma tumor 
verj’ rapidly and killed 


in 6 JTS.; no necr. 

3. RESEMBLING LVMPHOSARCOMAt 
!^on-recurrcni. 

67 L F p 28 ^ ^ jQ 

The outll'seems Jshowlt n!t sarconiaa. as' reported, but something less important. 

Table 6. — Carcinomas, 
non-metastatic. 

Recurrent. 


Case. 

Name. 

Sex. 

Age. 

79 

81 

J. M. M. 

E. C. 

M 

M 

62 

75 

82 

W. W. VanD. 

M 

52 

87 

A.C. 

M 

60 

185 

J.B. 

M 

59 

218 

J.G. 

M 

41 

299 

C. H. 

F 

CO 

324 

J.N. 

M 

05 


Remarks. 

Died of tumor within 1 JT. 

Died in 3 yrs. 

Died— date unknown. 

Died, date unknown; sq. ecll c.irc.7 
Lost. 

Died in 2 >Ta. 

Died few months nfter operation with n grapefruit 
sized tumor. 


86 

88 

S.L. 

M. H. 

F 

F 

63 

65 

116 

A.K. 

F 

70(B) 

252 

W.K. 

M 

65 

333 

L. Ml* 

F 

20 


METASTATIC, 

Recurrent. 

1 D 

2 D 


mortem prooi. ^ trikioC 

have died of the tumor. 


Died; metastasis to cetv. Ijun. , ,„i 5 to 

Died in 2 jts.; thought to have had ' 

cerx’. Kth. nodes and lungs; no ^ f.py 

Gr3pefruit.sired primary Metastasis 

Roentgen ray treatments were begun, 

in ceiv. lym. nodes. melaslasis to 

Lived only 2 yrs. after oper.; bad mein- 

cerv. lym. nodes. „,„no=cd to have 

Died in 1 JT. nfter 2 rec. and post- 

bad metastasis to brain but there 
inortero proof. ,r;i',n<T 

is given in only Cases 80. HO j'^r ycis aticr 

3 i„ Cases 78 and m ^.0 have ,o 
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Table 7.— Tub Peiicbntage ov RucnunENCES in Each Guoup. 


Gkoup A-I (Tabic 1).- 

-The Simple Interstitial Tissue Mixed Tumors: 





Recurrent. 

No. of cases 
prolong 
fatal, 

0 


Totals. 

97 

Non-recurrcnt. 

62 

No. 

35 

%. 

34.2 

Gnoup A-II (Tabic 2) 

. — The More Complex Interstitial Tissue Tumors 





Recurrent. 

No. of cases 
proving 
fatal. 

0 

0 

0 

0 

0 

0 

1 

1 

2 

3 (cylindroma) 

4 

5 (carcinomatoid) 

0 

7 . . . 

Totals. 

9 

14 

9 

9 

0 

3 

3 

Non-rccurrenl. 

G 

9 

3 

5 

3' 

2 

3 

'No. 

3 

5 

G 

4 

3 

1 

0 

%. 

33.0 
35.7 
6G.0 
44.4 

50.0 
33.3 

0.0 

Totals .... 

. 150 

93 

57 

.38.0 

1 

Gnoup B (Tabic 3).— 

The Racemose and Canalicular Mixed Tumors: 





Recurrent. 

No. of cases 
proving 
fatal. 

0 

4 

1 

1 .... 

2 (papillary intra- 
canalicular) 

3 . . . . 

Totals. 

. 17 

11 

G 

Non-rccurrent. 

8 

2 

3 

No. 

9 

9 

3 

%. ' 

53.0 

81.8 

50.0 

Totals .... 

. 34 

13 

21 

GO.O 

5 

Gnoup C (Table 4).- 

-The Carcinomatoid Mixed Tumors : 






Recurrent. 

No. of cases 


Totals. 

13 

Noii-rccurrcnt. 

3 

No. 

10 

%■ ‘ 

70. 0 

proving 

fatal. 

G 

Giioirp D (Table 5).- 

-The Sarcomatoid Mixed Tumors: 






Recurrent. 

No. of c.asc.s 


Totals, 

S 

Non-reenrrent. 

0 

iVo. 

2 

7c.' 

2.5.0 

proving 

fatal. 

1 

C.vnciNOMAS (Table 0) : 


Recurrent. 

No. of e.a.sps 


Totals. 

13 

Non-rccurrenl. 

0 

No. 

13 

7c. ' 

100.0 

proving 

fatal, 

1.3 

Gn.vNn Totai.s; 







.Ml 


Recurrent. 

No. of ea.--ej 

Case.s rei>oat<-<l . 

varieties 

21S 

4 

Non-rccurrenl. 

115 

n 

No. 

103 

3 

Sr* . 
-50.2 

pro\-inn 

f.atnl. 

20 (R’.SPv J 
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In studying these statistics it is interesting to see that there is 
\'ery little difference in the frequency of recurrence between the 
whole group of Interstitial or Simple hli.xed Tumors (38%) and the 
Simple Mixed Tumors devoid of “suspicious” elements (34.2%) 
and that the only substantial increases are in Group 3, the Cylin- 
dromas (Billroth type) (66%) (in wdiich, howei^er, epithelial ele- 
ments play no role) and Group 5, the Semi-canalicular tumors (50%). 

But between the Interstitial Tumors (Group A) and the Paren- 
chymatous or Epithelial Tumors (Group B) there is an enormous 
difference in the frequency of recurrence— 38% in the former and 
60% in the latter. The highest percentage of recurrences occurs 
in the Papillary Canalicular Group— 81.8%. It is even higher than 
in Group C, the Carcinomatoid Group, where it is 76%. 

Of the 57 interstitial or simple mixed tumors that recurred, it is 
interesting to find that with the exception of Case 55 (M. Z.; 64), 
whose tumor resembled a spindle cell sarcoma, and appears in 
Group A 6 and again in Group D, not one is said to have died of 
the tumor although several of them suffered repeated recurrences. 
In Group B 1, the Simple Canalicular Tumors, we have no data as 
to what became of 5 out of the 9 recurrent cases; but it is note- 
worthy that in Case 337 (44), the tumor was present for 25 years 
before it reached the size of a lemon and was excised, after which it 
recurred and grew in 20 more years to the size of a cantaloupe, when 
it wms again excised 2 years ago. All this is in marked contrast with 
Group B 2, the Intracanalicular Papillary Tumors, that caused the 
death of 4 of the 9 patients. 

It might be expected that Group B 3, the Carcinomatoid 
Canalicular Tumors, would yield the highest percentage of recur- 
rences and deaths because of the possibility that some of tliem 
might have been carcinomas. However, the percentage of recur- 
rences here is only 50%, and 4 of the 6 cases are living and free of 
the tumor after 6 jmars or more. 

Death follows the deimlopment and progress of mixed tumors m 
such manner as to shoiv that it is not from carcinoma. A recurrence 
may continue for years, gradually growing larger, and doubling its 
size every 5 years or so, or it may grow rapidly and frighten both 
the patient and the surgeon, so that it is soon subjected to another, 
then perhaps to still other e.xcisions over a period of years; or the 
slowly growing tumor may meet an accidental traumatism that is 
followed by rapid enlargement terrifying to the patient. Such 
enlargement moy result from tumor growth, but often depends upon 
internal hemorrhage, necrosis, edema, ulceration or suppuration. 

In a few cas6s e.xtensions of the tumor have invaded the maxillar\ 
sinus, the orbit, the pharynx and have even effected an entrance 
into the cranial cavity to cause death by cerebral compression. B it” 
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large, ulcerated, sloughing and infected tumors, the patients go 
slowly down hill, and hemorrhage from the ulcerated lesions may 
bring about the fatal termination. But the tumor almost invari- 
ably remains local and metastasis is very rare. Indeed, it is only 
known to have occurred in 2 of the cases that we still regard as 
mixed tumors: namely, Cases 78 and 115. If let be, the tumor may 
grow to an enormous size— Cotterill’s patient had a tumor nearly 
twice the size of his head and estimated to weigh about 22 pounds, 
yet was without external ulceration or metastasis. 

It will be remembered that the purpose of the present studies was 
to find criteria by which the examination of a microscopic section, 
supplemented by the case history, might enable the histopathologist 
to make a reasonably accurate prognosis. We have endeavored to 
discover these criteria by calculating the variation in the percentages 
of recurrences attendant upon certain small and great differences 
in the structure of the tumor, but have not succeeded. Remember- 
ing that the great differences in the time elapsing between the pri- 
mary operation and the recurrence in different cases precludes 
accuracy in the results, we are now ready to inquire whether there 
has been any gain in prognostic ability. 

To determine this, microscopic slides from about 50 histologically 
varying tumors were given, wnthout identification, to 25 competent 
microscopists by whom they were carefully studied, and notation 
made as to the probability of the recurrence of each. The protocol 
of each case was then compared with the opinion expressed. The 
prognosis was correct in an average of 52% and in error in 48%. 
Five of the group were pathologists of ])rofessorial rank; all of the 
others were teachers of pathology or directors of hospital labora- 
tories. The professors did no better than the others. There was 
disagreement of opinion in the ease of every slide. The two highest 
percentages of accurate re.sults were 63%. In looking over the 
opinions of these two, one a professor of pathology, the other an 
exi)crienced hospital laboratory director, it was found that they 
agreed upon a number of the cases, but it was also amusing to find 
that of these agreements, half of the opinions were wrong. 

Conclusion. From the present study it appears that something 
more than a simple microscopic examination of a section of tissue 
will be required before an accurate prognosis of a mixed tumor of 
the salivary glands becomes possible. At present our methods arc 
no more accurate or scientific than the flipping of a coin. 
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(From tho Medical Sendee of the Jewish Hospital.) 

Malignant metastases of the heart are not particularly rare, 
but they are discoi'ered in the great majority of cases at the post- 
mortem table. Our purpose here is briefly to review the literature 
on the frequency and character of the cardiac tumors most often 
encountered postmortem and to enumerate that much smaller 
group of cases which were diagnosed clinically and confirmed by 
later autopsy. 

In 1917 Sj-mmers" reported that in 5155 autopsies performed at 
the Bellevue Hospital, in 298 cases malignant disease was discovered. 
Of this number there were 5 instances of metastasis to the myo- 
cardium (1.6%). Yater^ in 19.31 reported 9 cases of tumor of the 
heart and concluded that malignancies of the heart and pericardium 
were rare. Burke^ in 1934 reported 14 cases of metastatic involve- 
ment of the heart occurring in 327 patients suffering with malignant 
disease (4.3 %) . Lymburner* in the same year reviewed 8550 autop- 
sies performed at the IMayo Clinic. In this number there were 
52 secondary tumors of the heart (0 . 6 %) , and 4 that were considered 
primary (0.05%). Helwig^ in 1935 found among 1000 autopsies 
9 cases in which the heart had been invaded by malignant growth. 
This same VTiter states that in 41,000 autopsies compiled from world 
literature only 98 secondary metastatic malignancies of the heart 
were discovered. Pollia and Gogol® in 1936 found 29 neoplasms of 
the heart among 1450 malignant tumors discovered in the perfor- 
mance of 12,000 autopsies (2%). Scott and Garvin® in 1939 re- 
viewed 11,100 consecutive autopsies. Among this number were 
discovered 1082 cases of malignant tumors, of which 118 were found 
to have metastasized to the heart or the parietal pericardium 
(10.9%); 49% of this number were due to the invasion by a carci- 
noma primary in the bronchus or breast. Lisa, Hirschhorn and 
Hart® in 1941 reported 4 tumors of the heart, 1 of which was diag- 
nosed before death. 

Because of a growing understanding of the symptoms produced 
by cardiac malignancy there is a steadily increasing number of 
patients with tumors of the heart, the nature of whose disease is 
diagnosed antemortem. A search of the literature on this subject 
reveals that 20 such cases are recorded. These cases are set down 
below. 
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Of these 20 cases, 13 were sarcomata and 7 carcinomata. Of the 
former group, 3 cases were classified as neuroblastoma, melano- 
blastoma and myeloblastoma, respectively. In 5 instances the 
primary tumor involved the bronchus or lung, 4 the tissues of the 
head (ear, cheek, nose and frontal bone), 1 the uterus, 1 the adrenal, 

1 the liver, 1 the femur, and 1 the mediastinum. Twice the tumor 
was thought to be primary in the heart. Twice the location of the 
source of the metastasis was not stated. In these 20 cases it is 
interesting to note that the right auricle alone was very frequently 
the site of the malignancy (9 cases). Whenever the right heart is 
involved, the interventricular septum is quite likely to share in the 
process and the conduction system of the heart then is apt to be 
embarrassed (9 cases). The left ventricle in this series was involved 
in 7 instances, in 2 of which the malignant process had extended 
from the right heart through the interventricular wall to largely 
affect the mitral valve. 

The superior vena cava was invaded and partially obstructed in 
3 instances and the pulmonary artery in 1 . The pericardium shared 
in the process in 9 cases. 

The clinical pictures presented by a patient suffering with a heart 
tumor as suggested by Yater fall into two groups. In one, these 
symptoms but little suggest the true nature of the changes present. 
Such patients are prone to exhibit signs of sudden and unexplained 
temporary cardiac failure of a congestive nature. Again the picture 
is that which suggests a subacute bacterial endocarditis; or finally 
the patient may experience a sudden and unexpected death. 

In the second group, the signs and symptoms point more definitely 
to the existence of a cardiac new growth. Various abnormalities 
of cardiac rhythm are commonly met, such as auricular fibrillation, 
some degree or variety of block, extrasystoles, or paroxysmal tachy- 
cardia. Again congestive heart failure developing without apparent 
cause in a patient hitherto suffering with carcinoma or a rather 
quickly forming pericardial effusion often of a hemorrhagic nature 
may occur. Perhaps the most suggestive finding is a fixation of the 
right border of the heart as shown by the fluoroscope. As has been 
hitherto remarked, a patient known to be sufl'ering with a malig- 
nancy anywhere, but particularly in the adrenals, bronchi, lungs or 
bones, who develops paroxysmal auricular tachycardia, fibrillation 
or flutter, a bundle branch or any degree of A-V block or an Adams- 
Stokes syndrome should be diagnosed as having cardiac malignancy 
when no other ex]danation .such as the existence of rheumatic or 
arteriosclerotic heart disease, toxic states or a history of an old 
coronary infarction is present. As to the electrocardiographic find- 
ings pre.sent. Barnes believes that the most helpful information is 
thus secured when the ncojilasm involves the ventricles. Xeverthe- 
le.ss. as in the case to be reported, conduction defects are noted 
very frequently when the auricles, especially the right, are invaded. 
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An electrocardiographic examination on April 16, 1941, showed sino- 
auricular block. 

Ba.sed on the above hi.stoiy and the following j)hy.sical findings, a diagno- 
.sis of malignant metasta.si.s to the .superior media.stinum involving the vena 
cava superior, tlie right heart, the pleura, the cervical b'mpb glands was 
made. 

(a) Evidence of obstruction of the return flow of blood from the head 
and upper chest (superior vena cava). 

(d) Interference with the conduction system of the heart (sino-auricu- 
lar block). 

(c) Signs of metastasis to the pleura. 

The patient died on April 22, 1941. Autopsj" revealed metastasis to the 
skin of the neck and upper chest (carcinoma en cuirasse), the cer\dcal Ijnnph 
nodes, the superior vena cava producing almost complete obstruction, the 
pericardium, and the roof of the right auricle. The right ovary and right 
adrenal showed carcinomatous infiltration. 

Comment. That the patient was afflicted with a malignant uterine 
tumor was known almost 3 years prior to her death. But the picture 
of a venous obstruction became most prominent upon her last admis- 
sion to the hospital. The occluding lesion was anatomically located 
antemortem at a point where the superior vena ca'va and the right 
and left azygos veins approach each other, or just at the auricular 
junction with the superior vena cava. This was indicated by the 
greatly swollen neck and face and the existence at the same time 
of greatly distended veins over the anterior chest on the right side 
descending to the level of the fifth rib. A fixation of the right 
border of the heart was not noted because only the right auricle was 
invaded at its uppermost point. The sino-auricular block was 
very strong evidence that the cause of the venous obstruction was a 
metastatic invasion of the cardiac auricle especialh^ at the point of 
entrance of the superior vena cava. 

Summary. 1. A case of malignant metastasis to the heart was 
presented. 

2. The 20 cases of heart malignancy which we were able to dis- 
cover in the literature which had been diagnosed antemortem and 
confirmed at autopsy were enumerated. 

3. The signs and symptoms Avhich indicate the presence of a 
malignant invasion of the heart w^ere discussed. 
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CONDITIONED REFLEX THERAPY OF ALCOHOLIC ADDICTION. 

V. FOLLOW-TJP Report of 1042 Cases. 

By Walter L. Voegtlin, M.D., 

RESEARCH DIRECTOR, SHADED SANITARIUM, 

Frederick Lemere, M.D., 

CONSULTING PSYCHIATRIST, SHADED SANITARIUM, 

William R. Broz, M.D., 

MRDICAL DIRECTOR, SHADED SANITARIUM, 

AND 

Paul O’Hollaren, M.D., 

ASSOCIATE MEDICAL DIRECTOR, SHADED SANITARIUM, 

SEATTLE, WASH. 

(From the Shadcl Sanitarium for the Treatment of Chronic Alcoholism.) 

The metliod and a preliminaiy survey of tlie results obtained in 
tlie treatment of 685 cases of alcoholism by a conditioning pro- 
cedure have been published A follow-up report is made at this 
time in order to present additional data covering a larger series of 
1042 cases over a somewhat longer observation period of 5| years. 

Results. The summary of data shown in Table 1 includes only 
those patients known to be living in a conventional environment 
and whose exact status as regards the drinking of alcoholic beverages 
has been determined either by direct contact or through other 
reliable channels. It should be mentioned that this series includes 
only the results of the original treatment. Patients who have 
relapsed following the initial treatment are classed as failures, even 
though some were subsequently retreated and are not drinking at 
this time. The term “abstinence” as used in the presentation of 
these data indicates that the patient has refrained completely from 
alcoholic imbibition of any kind or amount from the time of treat- 
ment to the present. The terra “relapse” indicates that the 
patient had indulged in alcoholic drink to some degree even though 
his relapse was not followed by return to a habitual type of drinking 
in all eases. A few cases who attempted to drink out of curiosity 
and were prevented because of the conditioned reflex that had been 
established, and who have remained abstinent since, are classed as 
abstinent. It may be seen that the data are presented by 6-month 
periods which include all the patients treated during that particular 
period. 

Of the total series of 1042 cases, it was found that the exact 
status of 16S patients was unknown on December 31 , 1940, the date 
on which the survey was based. Forty-three patients of the series 
had died and 4 had been confined to mental institutions subsequent 
to the completion of treatment. The remaining 827 jiatients were 
found to have shown 532 cases of abstinence (58.697) and 295 
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relapses (41.4%). If the data are considered from the standpoint 
of elapsed time following treatment, it is seen that among the 
170 patients treatefl during the most recent 6-month period (the 
last half of 1940) there are 85.9% abstinent and 14.1 % who relapsed. 
Of 115 cases treated during the first half of 1940, 76.5% remain 
abstinent and 23.5% have relapsed. During the last half of 1939, 
85 patients were treated, of whom 61.2% remain abstinent while 
38.8% have relapsed. Seventy-seven patients were treated during 
the first half of the same year and 62.1% of these cases remain 
abstinent. Abstinence is found in 57.8% of the 59 cases treated 
during the last half of 1938 and 58% of the 62 patients treated dur- 
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Showing the percentage of patients 
remaining abstinent in relation to 
elapsed time following the completion 
of treatment Each column represents 
a six month period. 
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ing the first half of the same year. In 1937, 63 cases were treated 
during the latter half of the year and 52,4% of these patients 
remain abstinent, as did 57.4% of the 54 patients treated during the 
first half of the same year. Data concerning the 1936 cases show 
46.7% abstinent among 45 cases for the last half of the yean 
Among 44 patients treated during the last half of 1935, there is 
found to be 40.2% of abstinence at this time. The last-mentioned 
group consists of the oldest of the entire series from the standpoint 
of elapsed time since the original treatment. 

It is interesting to note in passing that of the original series of 
1042 cases, there have been 43 deaths since treatment had been 
completed. This is considerably higher than the death rate for a 
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similar age group of the population at large. Of the 43 deaths 
listed, the cause was unknown in 19 instances. Twelve met death 
through ATolent or accidental means. Two cases died of pneu- 
monia, 1 of influenza, 3 of heart disease and 1 died postoperatively. 
There were 2 suicides. Three deaths were considered to be of the 
result of treatment, giving a mortality of 0.28% for the series. Of 
the last-mentioned deaths, 2 died of a previously unsuspected coro- 
nary disease and 1 of congestive heart failure. Two patients expired 
during the delirium tremens first appearing several days after treat- 
ment had been instituted, and these deaths were considered as not 
being the result of treatment. 

Only 4 cases in the entire series have been confined to mental 
institutions following treatment. This fact would seem to indicate 
on the whole a rather satisfactory' mental adjustment of the patient 
to a life of sobriety following treatment. 

Discussion. In the original publication of this method, an arbi- 
trary criterion of cure was defined as total abstinence from alcohol 
of . all kinds for a period of 4 years following completion of treat- 
ment. A cure expectancy of about 60% was postulated on the 
basis of the statistical evidence available at that time. It is now 
possible to present definite information concerning the percentage 
of cures obtained by this method according to the above criterion 
for it should be noted that all of the 142 cases treated prior to 
January 1, 1937, have been observed for from 4 to 5 years since 
treatment was gi\'en. Examination for the data concerned ivith 
this particular group reveals that 78 patients have relapsed and 
64 have remained abstinent. It may thus be stated unequivocally 
that on the basis of 142 cases observed for a period of from 4 to 
51 years, 44.7% were cured according to the above criterion. It 
is felt, howeyer, that this figure represents a rather unfair picture 
of the results actually obtained by this method for the following 
reasons: (1) The cases available for study at this time who were 
treated 4 years ago, or longer, are those who were treated in a 
more or less experimental fashion before numerous technical mimi- 
the were appreciated and developed and as a result numerous errors 
of technique were committed. (2) Patients who died prior to the 
completion of the fourth year of abstinence following treatment 
cannot be classed as cured, even though they had remained abstinent 
up to the time of their death. It may thus'be appreciated that a 
patient who relapses immediately becomes a statistical liability 
regardless of whether he dies or not, whereas a patient who remains 
abstinent but dies before the criterion of 4 years of abstinence is 
fulfilled may at best be classed as an unknown result. (3) No credit 
is here assumed in those cases who relapsed following the original 
treatment but who are now abstinent following retreatment. It 
should be emphasized that the 44.7% of cures claimed relates only 



528 CONDITIONED HEELEX THERArV OF ALCOHOLIC ADDICnON 


to the results following the original treatment and does not include 
any benefit derived from subsequent retreatment. (4) A recently 
developed reinforcement technique* which shows promise of mark- 
edly enhancing the percentage of cures by this method, was not 
practised on any member of this group. (5) It should be noted that 
the consideration of available material does not conform to the 
criterion of cure on the basis of only 4 years of observation, for some 
members of the group report have been observed for as long as 
years. While the actual percentage of cure would have been 
somewhat higher if the survey had been terminated at the end of 
the fourth year in all cases, the figures as presented show that the 
possibility of relapse cannot be neglected even after a patient has 
completed the fourth year of abstinence following therapy. As 
has been mentioned by others, there is probably no time limit for 
potential relapse. 

Compared to the entire series, the 142 cases available for a 4-year 
survey are too few to form the basis of an absolute conclusion as 
yet. 

AWiile the actual figure for cure is somewhat less than was 
originally postulated, it is far from discouraging when compared 
to the figures submitted by others using other methods of treat- 
ment.* In idew of the preceding discussion, it may be seen that 
the figure of 44.7 % of cures following the conditioned reflex therapy 
is the minimum that may be expected providing a proper treatment 
technique is developed. Any change in this figure should be for 
the better as the method is studied further and improved. It should 
not be necessary to point out in addition the economic advantage 
to the patient of a prolonged period of sobriety following treatment 
although eventually he may relapse and be classified as a failure 
for statistical purposes. 

Summary. 1. A series of 1042 patients suffering from chronic 
alcoholic addiction who were treated by the conditioned reflex 
method is reported. Of the total series, it has been found that 
58.6% of the cases are abstinent at the present time and that 
41.4% have relapsed. 

2. In 142 patients who had been observed for 4 years or longer 
following the completion of treatment, it was found that 44.7% 
had remained abstinent to the present time and 55.3% had relapsed. 
This group of patients satisfy the original criterion which requires 
4 years of abstinence follovdng the completion of treatment before 
a cure may be assumed. 

REFERENCES. 

(1.) Voegtlin, W. L.: Am. J. Med. Sci., 199, 802, 1940. 

(2.) Voegtlin, W. L., Lemere, F., Broz, W. B., and O’HolIaren, P.: Quart. J- 
Studies on Alcohol, 2, 505, 1941. 

* To be published. 



erf: clinical studies with aid of radiophosphorus 529 


CLINICAL STUDIES WITH THE AID OF RADIOPHOSPHORUS. 

n. The Retention of Radiophosphorus by Tissues of 
PATIENTS Dead of Leukemia.* 

By L. a. Erf, M.D., 

wn.I.IAM n. KENAN, JR., FELLOW AND RESEARCH ASSOCIATE, CROCKER RADIATION 

laboratory; clinical instructor in medicine, UNIVERSITY OF 

CALIFORNIA MEDICAL SCHOOL, BERKELEY, CALIF. 

The purpose of this paper is to present the concentrations of radio- 
phosphorus (?•''“) present in various tissues of 32 patients dead of 
leukemia,^ 1 of neuroblastoma and 1 of chloroma. (The blood find- 
ings of the latter 2 presented myeloid and monocytoid leukemoid 
reactions respectively.) 

Methods and Materials. The radiophosphorus was produced by the 
Berkeley cyclotron.^ Some of the patients had received single doses of 
radiopliosphorus before death but tlie majority liad received multiple doses. 
None of the patients had been embalmed. From none of the small pieces 
(5 to 20 gm.) of tissue removed was the contained blood washed out. The 
pieces of tissues were weighed, placed in crucibles, aished at 400° C. and 
assa 3 ’’ed for radioactivity by use of an electrometer. 

Results. The results are listed in the accompanying table and 
are e.\'pressed in microcuries per gram of wet weight of tissue 
assayed. Each determination was corrected for the rate of decay 
of radiophosphorus (the half-life of which is 14.3 days) to the date 
of death. Two qualifications of the results must be mentioned: 
The majority of the patients were in the terminal stages of their 
disease processes and they received “therapeutic” and not “tracer’^ 
doses of radiophosphorus. Both of these factors would alter deduc- 
tions drawm about phosphorus metabolism of tissues. 

Discussion. Because of innumerable variations, such as (a) age, 
weiglit, basal metabolic rate and diet of the patients; (d) differences 
in the types of leukemic processes of the patients; and (c) differences 
in the amounts and the routes of administration of radiophosphorus, 
for which corrections Avere not made, fcAv comparisons of findings 
are possible, although a few generalizations can be made. Too, it 
is well known that organs arc not uniform in structure or function, 
and therefore it must be pointed out that the figures of the table 
are frequentl 3 ' averages of aliquot sainples.f 

* This work was aided by a grant from the National Advisory Cancer CouneiJ. 

t For example, in Case 99, the average retention of radiophosphorus of three 
different pieces of sternum (0.0S52, 0.0SI3 and 0.09.J0) was O-OSSS p/cm.; of two 
different pieces of kidney (left kidney, 0.151, and right kidney, 0.13G), 0.143 p/gm.; 
of two different pieces of spleen (O.OSSI and 0.0S55). O.OSGS p/gm.; of two different 
pieces of king (left hing, 0.0392. and right lung. 0.000.3), 0.0527 p/gm.; and of five 
pieces of ehloromntous tumor (retrobulbar tumor, 0.122; peri-adrenal tumor, 0.149; 
peripancreatie tumor. 0.150; media.<nnal tumo.^ 0.140; and tumor alxmt urinarv- 
bladder, 0.12.5), 0.139 p gm. 
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In those patients (as in Cases 41, 70, 84) who had received 
radiophospliorus many days before death, the concentrations of 
were frequently greatest in the osseous tissues, while in those 
(as in Cases 10, 39, 64) who had received radiophosphorus just 
before death, the concentrations of P^- were greatest in such tissues 
as the bone marrow, lymph nodes, spleen and liver. These findings 
suggest that radiophosphorus is first utilized by the more rapidly 
metabolizing tissue or those most frequently infiltrated with leu- 
kemic cells and that later it finds its way to the bones. Of the tis- 
sues that are constantly producing cells, such as skin, ovaries, testes 
and marrow, in only the latter did radiophosphorus eoncentrate in 
significantly large quantities. It can be observed, also, that heart 
musele retained P’- in greater quantities than did abdominal, dia- 
phragmatic, intercostal, tongue or uterine muscles. The central 
nervous system retained relatively small concentrations of radio- 
phosphorus. The cerebellum, however, retained more P^- than the 
cerebrum, which may or may not be due to the greater proportion of 
gray matter in the cerebellum.* 

When the mnnber of days between the last dose of P^- and death, 
and the avionnts of the last dose of P’- are similar, one can observe 
that the tissues retained comparable amounts of radiophosphorus 
regardless of type of leukemia or leukemoid reaction (compare 
Cases 6, 19, 53 and 96). Using the same criteria, tissues of acute 
and chronic forms of the same tjqie of leukemia retain comparable 
amounts of radiophosphorus in some (compare Cases 6 and 19, 63 
and 90), but not in all instances. Of 3 cases (Cases 55, 65 and 85), 
who received single doses of radiophosphorus 17 to 20 days before 
death, the tissues of the child (Case 55) who received P*- intra- 
venously retained more radiophosphorus than those of the other 
2 cases which had received orally much larger doses of P^-. Among 
many explanations, this increase in retention may be due to the 
route of administration of P’-, to the acuteness of the leukemic 
process or to the immaturity of the patient. 

In 1 instance (Case 16) the patient was moribund when the P^- 
was administered and the tissues of this case retained relativelj' small 
amounts of radiophosphorus. 

The results and generalizations are confirmatory of those found 
previously in mice.’''* 

Summary. The amounts of radiophosphorus (following its oral 
and intravenous administration) retained by various tissues of 
32 patients dead of leukemia, are presented. These findings sug- 
gest how phosphorus is quantitatively distributed in the tissues of 
persons dead of leukemia at various intervals of time and under the 
conditions mentioned after its administration; and demonstrate 

* In Case 99 an aliquot portion of the cerebrum contained 0.0302 ^/gra.; but the 
gray matter of the cerebrum contained 0.0404 p/gm. while the white matter contained 
O.oisS g/gm. 
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tluit radiop]ios])liorus coiiceiitratcs in greatest quantities in tliose 
tissues Avhicli are most 1‘requentiy infiltrated with Icukeinie cells. 
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AN OBJECTIVE METHOD OF DETERMINING BLOOD VELOCITY 
(FLUORESCEIN METHOD.*) 

By David B. Fishback, M.D., 
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Samuel A. Guttman, Ph.D., M.D., 

HOUSE physician. 

AND 

Edwin B. Abra.mson, ]\I.D., 

ASSISTANT IN MEDICINE. JEWISH HOSPITAI., 

PHILADELPHIA, PA. 

In recent years, attention has been directed toward determining 
the velocity of bloodflow (circulation time) in health and disease. 
The most satisfactory methods are subjective in nature, that is, the 
patient states when he feels a certain sensation after the injection 
of some foreign substance into the blood stream. ” The unre- 
liabilit3'^ of this procedure is apparent because the observer depends 
on the patient who may be sloiv in cerebration, or unable to under- 
stand what reaction is to be determined for an end point. Such a 
method cannot be used in small- children, comatose, anesthetized, 
mentally ill and moribund patients. An objective method of deter- 
mining circulation time would therefore have certain advantages. 

With these factors in mind, various objective methods have lieen 
reviewed. These procedures have been either comple.x or unreliable. 
Thej" include the following; 

In 1829, Hering'® injected potassium ferrocyanide into the jugular 
vein of animals. He was able to note how many seconds it took 
the potassium ferrocyanide to reach the jugular vein on the opposite 
side by adding perchloride of iron wliich gave a blue reaction. 

In 1912, Bornstein® used carbon dioxide inhalations. This method 
was supposed to measure the velocit.v of the blood from the pul- 
monar.y capillaries to the respiratory center and was dependent for 
its end point on the first deep breath. 

In 1922, Koch® described an objective method using sodium fluo- 
rescein. This method consisted of injecting 1 cc. of a mixture con- 
taining fluorescein 2 gm., sodium bicarbonate 4 gm. and distilled 

* This study was aided by a prant from the .lewisli ITospit.-il Research Fiiml 
Philadelphia, Pa. 
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water 120 gm. Samples of blood were then remo^'ed at o-second 
intervals and collected in oxalated tubes. The finst appearance of 
the dye in these tubes was then determined. 

In 1927, Blumgart and Weiss'* described a radium emanation 
method. Small non-toxic doses of radium emanation were injected 
into the blood stream and its arrival at various points in the circula- 
tion was detected by a sensitive device (Geiger counter) to pick up 
the emanations as thej" arrived. 

In 1929, Weiss, Robb and Blumgart*’* described a method using 
histamine. This depends upon the development of an intense flush 
of the face and neck caused by the arrival of the histamine in the 
blood vessels in the skin. 

In 1930, Lian and Barras*** used 2 cc. of a 5% solution of fluores- 
cein intravenously in the right arm and withdrew the blood from the 
Amin in the left arm at the end of 5- to 10-second intervals. Their 
normal circulation time from arm to arm was 30 seconds. 

In 1936, h'loore and Kinsman** used an aqueous solution contain- 
ing 300 mg. of brilliant AUtal red and injected this into an arm vein. 
They then collected samples of blood from the femoral artery at 
stated intervals and determined the amount of dye in the blood 
samples. 

In 1939, Stead and Kunkel*- and some years prior to this Blum- 
gart and Weiss^ described a method using sodium cyanide. They 
injected 0.2 to 0.4 cc. of a 2% solution of sodium cyanide (4 to 8 mg.) 
and the time interval for the first deep breath was recorded. This 
method measures the time interval actually to the carotid sinus and 
depends on the degree of sensitivity of the sinus for its effect. 

In 1940, Berliner^ determined the circulation time using 0.5 cc. 
of a 1 % solution of alpha lobelin intravenously. This method, like 
the cyanide method, is an arm to carotid sinus time, and the end 
point is dependent on the patient’s coughing, or developing a 
strangling sensation. 

It thus becomes apparent that the objective methods described 
to date are either complex, not entirely reliable, expensive, require 
unusual technical proficiency or are even dangerous. It was with 
these factors in mind that one of us (D. B. F.) sought for a simple 
method, using a dye with a minimum toxicity. Fluorescein solu- 
tions (10% and 20%) were found to give the best color reactions. 
This procedure was employed in rabbits in over 150 experiments, 
using up to 25 cc., AAUthout noting any deleterious effects. 

In 1940, Gifford" reported that he used 10 cc. of a 10% solution 
of sodium fluorescein intravenously in humans as an aid to ophthal- 
mic diagnosis and treatment. He concluded that it was non-toxic 
and produced no unpleasant symptoms in the patient. This con- 
firmed our previous findings. 

Method. Tlie test for circulation time is done as follows: Using sterile 
precautions, an IS-gauge needle attached to a sAwinge containing 4 cc. of a 
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10% or preferably 3 cc.'of a 20% sodium fluorescein* solution is inserted 
into the antecubital vein of the arm. The room is then darkened, and the 
fluorescein injected rapidly into the vein. The assistant, using a portable 
ultraviolet source with a Wood’s filter, directs the light to one of the eyes 
of the patient, observing the palpebral conjunctiva. The first appearance 
of a brilliant yellow color in the lower palpebral conjunctiva is the end 
point. The end point is sharp, especially if the room is dark. The time 
elapsed from the moment of injection to the appearance of the dye in the 
eye is recorded. 

Thus, the circulation time from the antecubital vein of the arm to the 
conjunctiva of the eye is accurately determined. 

Results. This circulation time test was done in over 50 patients 
with supposedly normal hearts or patients with fully compensated 
cardiac disease. The time varied from 7 to 15.6 seconds. 

In another group of patients with cardiac disease undergoing 
decompensation, the circulation time varied from 16 to 25 seconds. 
One cardiac case with marked decompensation had a circulation 
time of 45 seconds. 

No untoward reactions occurred in any of the patients. 

In 4 patients, when the dye was inadvertently injected outside the 
vein, there was but very little pain, and no inflammation or slough- 
ing resulted. No treatment was instituted, and the injected mate- 
rial disappeared within a few days. 

In another group of cases, magnesium sulphate was used to meas- 
ure the circulation time within several days prior to the injection of 
fluorescein. As will be noted in the following table, the results wete 
somewhat similar. 


. Table 1. — Comparative Circulation Times (Mag. Sulphate-Fluorescein) 


Patient. 

Sex. 

Age. 

Diagnosis. 

Mag. 

sulph. 

(sec.). 

Fluores- 

cein 

(sec.). 

L. S. 

M, 

66 

Arteriosclerotic heart disease 

13 

11.2 

H. S. 

M 

47 

Carcinoma of lung 

10 

9 

F. B. 

M 

60 

Diabetes mellitus 

10 

11.2 

N. S. 

M 

70 

Carcinoma of stomach 

12 

10 

0.5 

K. S. 

M 

30 

Constrictive pericarditis 

8 

11 

11.4 

R. R. 

M 

40 

Psychoneurosis 

13 

14 

11.5 

C. M. 

M 

67 

Arteriosclerotic heart disease, mitral 

1 1 

14 

19.6 

M. FI. 

M 

14 

and aortic insufficiency 

Intestinal allergy 

17 

12.6 

13 

.1. S. 

M 

2S 

Acute rheumatic fever, lues, partial 

13 

12 

15.2 

S.B. 

M 

51 

heart block 

Hypertensive heart disease 

11.5 

13.2 

16.0 


The reason for the slight difference between the circulation times 
for magnesium sulphate and fluorescein is because they were done 
on different days and the circulation time may vary from day to day. 

* The 20% sodium fluorescein solution in distilled water was filtered 'a-m, fiito,. 
pajior and autoclaved for 20 minutes. 

' VOL. 203 , NO. 4 . — .\PRIL, 1942 
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iwo successive readings vere usually done ivitli the inagnesiuin 
sulphate. 

To offset the normal variation in the circulation time from day to 
day, another group of patients received calcium gluconate (5 cc. 
neocalglucon) and fluorescein (4 cc. 10% sod. fluorescein solution) 
simultaneously. 


2, — Cincn..ATiON' Time — Calcium Gluconate and Fluorescein 






Ca. 

Fluores- 

Patient. 

Sex. 

Age. 

Diagnosis. 

glucon. 

(fiec.). 

cein 

(sec.). 

F. W. 

M 

71 

HiTpertensive heart disease 

22.0 

22.0 

L. R. 

M 

55 

Encephalitis 

14.8 

14.8 

J. S. 

M 

79 

Carcinoma of stomach 

26.0 

27.0 




1 month later 

13.0 

13.0 

H. S. 

M 

62 

Coronarj' sclerosis 

15.0 

13.0 

L. G. 

M 

33 

Hj’perthjToidism 

11.0 

15.6 

J. G. 

M 

60 

Acute cardiac decompensation 

27.0 

28.2 

M. M. 

F 

70 

HiTiertension, pulmoiiarj- cyst 

13.8 

13.8 

N. K. 

M 

11 

Gastro-inteslinal allergj- 

12.0 

12.0 

L. T. 

M 

57 

LjTnphoblastoma 

17.0 

19.0 

I. S. 

M 

69 

Peptic ulcer 

9.5 

11.5 

-A.. G. 

M 

35 

ThjTOtoxicosis 

10.6 

15.0 

M. K. 

M 

52 

Lobar pneumonia 

12.8 

12.8 

H. S. 


55 

Carcinoma of rectum 

11.0 

11.0 

C. G. 

M 

70 

Buerger’s disease 

22.4 

22.4 

S. L. 

M 

85 

Complete heart block 

28.0 

28.0 

D. Q. 

M 

67 

Diabetes mellitus 

19.0 

19.0 

H. R. 

M 

60 

Gastro-intcstinal malignancy 

16.0 

16.0 

W. H. 

M 

30 

Carcinoma of lung 

21.0 

21.0 

M. tv. 

M 

63 

Buerger’s disease, hx'pertensive heart 

24.0 

26.0 




disease 



I. S. 

M 

70 

Duodenal ulcer, hj'perthjToidism, 

9.5 

9.7 


carcinoma of urinarj' bladder 


In this series of 20 cases, only 2 showed variations of more than 
3 seconds betB'een the calcium gluconate and fluorescein circulation 
times. Both of these were cases of hj'perthjToidism. Since the 
fluorescein method is objective and the calcium gluconate method 
subjective, it is of interest to have found that they give similar 
results. However, in those patients who are slow in cerebrating, 
unconscious, mentally ill, moribund, and so on, calcium gluconate 
cannot be used. Fluorescein is being used in such cases and a 
reliable circulation time is being obtained. Patients with malig- 
nant tumors who are undergoing general refrigeration are being 
subjected to the fluorescein circulation time test. These studies 
will be reported later. 

Refrigeration. 

Before During 

Patient. Sex. Age. Diagnosis. (sec.). (sec.), 

jf. h* M GS Primary carcinoma of rectum, gen- 9.4 17. 0 

eralized metastasis. 


* By courtesy of Dr. La-mrence W. Smith and Dr. Temple Fay. 

Summary and Conclusions. 1. A new objective circulation time 
test has been described, using fluorescein. 
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2. The data obtained indicate that the method is reasonably 
simple, not harmful to the patient, and reliable as indicated by 
comparison with other methods. 

3. This method is of particular advantage in determining the 
blood velocity in small children, comatose, anesthetized, mentally 
ill and moribund patients. 

4. In patients with normal hearts or fully compensated cardiac 
disease, the circulation time varied from 7 to 15.6 seconds. In 
another group of patients with cardiac disease undergoing decom- 
pensation, the circulation time varied from 16 to 25 seconds, one 
being 45 seconds. 

We ivisli to thank Miss Annette Spear for her valuable assistance. 
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PSYCHONEUROTICS FIVE YEARS LATER. 

By Constance Friess, M.D., 
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(From the Department of Medicine, Cornell University Medical School and New 
York Hospital Medical Out-Patient Department.) 

No group of ambulatory patients presents greater difficulty of 
management than the psychoneurotic group. It comprises a high 
percentage of all patients, and is peculiarly vulnerable to the multi- 
plicity of doctors and special clinics encountered in a large teaching 
hospital. The psychoneurotic patient finds himself between a Scylla 
and Charjffidis: on the one side is the physician who either through 
ignorance or personal prejudice overlooks the important psycho- 
biologic factors, and, searching endlessly for some organic basis 
for the patient’s complaints, increases the latter’s insecurity and 
exhausts his resources. On the other side is the psychiatrically 
minded, if not psychiatrically trained physician who, because of an 
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innate sympathy, recognizes early the psychoneurotic elements but 
fails to discover and evaluate coexisting organic disease. 

A special interest in psychoneurotic patients and their problems 
in a large out-patient clinic prompted the present study. The 
investigation concerned itself with the problem as encountered in a 
general medical clinic and, therefore, many of the patients suffered 
from coexisting disease. The careful reexamination of a group of 
these patients after a 5-year interval may achieve more than a mere 
discovery of previously unrecognized organic disease. By studying 
the variability and volatility of the “complaint,” the natural course 
of the untreated illness, the effect of intercurrent diseases, opera- 
tions, environmental changes and medical and psychiatric treatment, 
an effort is made to sharpen and clarify our concepts of a hitherto 
poorly defined disorder. The cost of medical care in this group is 
also studied in an attempt to devise methods of management less 
costly both to the patient and to the medical agencies concerned 
with his care. 

A review of the literature reveals an abundance of general, philo- 
sophical articles which do little more than urge a greater interest in 
psychoneurotic patients. Journals of neurology and psychiatry 
contain many exhaustive studies dealing with special aspects of the 
neuroses, but few reports'’’^-'* comparable to the present one are 
available. This may be due to certain limitations and difficulties 
which are recognized early in the study, and are worthy of mention 
at the onset: 

1. Data from psychoneurotic patients are notoriously difficult to 
tabulate, for similar complaints may arise from very different set- 
tings. 

2. Since most psychoneurotic patients eventually succumb to 
organic disease, it is not always possible to determine the true 
origin of their symptoms. 

3. It is a formidable task to follow any group of patients not 
regularly attending a clinic. 

Selection of Cases. The records of 3587 consecutive patients seen 
in the General Medical Clinic of The New York Hospital from 
September 1, 1932, to January 1, 1934, were reviewed. Those in 
which a diagnosis of psychoneurosis was made were selected for this 
study. Any of the following variations in terminology were ac- 
cepted, whether occurring alone or in conjunction with organic 
disease: anxiety state, neurasthenia, neurocirculatory asthenia, 
psj'chasthenia, hj'^steria, functional tic, gastric or cardiac neurosis, 
functional disease, or psj’-chopathic personality. Patients with major 
ps 3 mhoses (schizophrenic, manic-depressive, depressive, toxic or de- 
generative) were discarded, as were those suffering from epilepsy 
or other organic diseases with a marked personality coloring, such 
as migraine and Graves’ disease. 

The group thus selected comprised 498 patients (13.9%) of the 
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total number of records reviewed. Table 1 shows the number of 
patients interviewed and examined, the number not examined in 
whom data was obtained indirectly, either through correspondence 
or Social Service agencies, the number in institutions for mental 
diseases, the number dead, and the number lost. 

Table 1. — Analysis of Material. 


Interviewed 

and 

examined. 

Indirect 

data. 

Confined to 
institutions 
for mental 
diseases. 

Dead. 

Lost. 

Total. 

177 (35.6%) 

69 (13.8%) 

9 (l.S%) 

14 (2.8%) 

229 (46%) 

498 (100%) 


The task of eontacting these patients was laborious, for many had 
moved a number of times since their last visit to the hospital. This 
work was done by a social worker, Miss Alice Fahmy, who in the 
course of the study wrote 1759 letters and made 155 home visits. 

Method of Study. A careful history, physical examination, urinalysis, 
and Wassermann test were done on all patients interviewed. Special 
laboratory tests were performed when indicated. In eliciting the history 
particular attention was focused on the following points: 1, complaints 
offered spontaneously as differentiated from those elicited by questioning; 
2, physical illnesses in relation to the environmental setting at the time they 
occurred; 3, changes in family relations, working conditions, social and 
economic status; 4, sources of medical care and its cost. _ ^ ^ 

Patients who had been treated in the psychiatric clinic or seen by a 
psychiatric consultant prior to the follow-up examination were reexamined 
by a psychiatrist* who was asked to contrast the present psychiatric status 
M'ith that of 5 years ago, and to give an opinion regarding possible benefits 
which might have followed earlier or more intensive therapy. 

Analysis of Data. Sex. Of the 269 patients contacted, 109 
(40.5%) were males and 160 (59.5%) were females, a proportion 
of 1:1.4. The proportion of males to females for all cases in the 
general medical clinic is 1 to 1.6. There was no disproportion in 
the sex distribution of the psychoneurotics in this series. 

Age. The age distribution was as follows: 16 to 25, 39; 26 to 35, 
83; 36 to 45, 81; 46 to 55, 45; 56 to 65, 21; 66 to 75, 0; 45.3% of the 
group were less than 36 years of age. 

Social Stahls. More than one-half of the patients were married, 
110 (59%); 74 (28%) were single; 21 (7%) were widowed; and 15 
(6%) were separated or divorced. 

Nationality. The New York Hospital is located in the mid- 
eastern section of Ncav York City and it draws upon a foreign-born 
population of Germans, Italians, Austrians and Hungarians for a 
large percentage of its patients. In this study the foreign-born 
element was not as high (37%) as it is in the general clinic (43%). 
Two races which form only 13% of the general out-patients, the 
llussians and Poles, comprised 30% of the cases here studied. 
There were but 3 negroes in this series. 

* Dr. Phyllis Grecnacre or Dr. Emeline Hayward. 
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Religion. The following table shows the religion of the patients 
studied as contrasted with that of the out-patient department as 
a whole. 


Table 2. — Religions of Cases Analyzed, 


Study group 

Roman 

Catholic, 

%■ 

. 34 

. Protestant, 
%. 

29 

Hebrew, 

%. 

28 

Greek 

Catholic, 

%. 

' 2 

Unclassi- 

fied, 

%■ 

7 

Out-patient department 

. 52 

28 

16 

2 

2 


This supports the common belief that ps,ychoneurotic disorders 
are more common among the Jews. 

Employability. In 1932-1933, 100 (37%) of the patients were 
regularly employed, 96 (35%) were housewives, 7 (3%) were 
students and 66 (38 males and 28 females, 25%) were unemployed. 
Five of the males claimed to be unemploj’ed because of their health; 
the remainder were unable to find work. 

Coexisting Organic Disease. An arbitrary division was made 
between major and minor organic diseases. Under the classifica- 
tion of major diseases were conditions which might at some time 
incapacitate the patient or threaten his life; under minor organic 
diseases are placed the less serious conditions. The defect of such a 
division is illustrated by two tjT)es of cases. Myoma uteri, classi- 
fied as a minor, has the potentiality of becoming major; whereas 
acne vulgaris, a minor ailment, may have major effects upon the 
patient’s psychobiological status. 

Sixty-seven (25%) of the patients had evidence of major organic 
disease at the time of their original visit. In onl}'^ 30 cases (11%), 
however, were an}' of the original complaints referable to the major 
disease diagnosed at this time. One hundred and fifty of the 
patients (55.8%) had evidence of minor organic disease at the time 
of their original visit. Of the minor ailments, the commonest were 
those related to low-grade infections in the nose and throat, prob- 
lems of nutrition; and pelvic abnormalities. Ninety-nine (37%) 
had no major or minor organic disease. 

Clinics Attended. Only 48 patients (18%) were cared for in one 
clinic in The New York Hospital Out-Patient Department; 219 
patients (81.4%) attended 5 or less clinics and 50 patients (18.6%) 
attended from 6 to 20 clinics. 

On scrutiny it was found that the referral of patients to more than 
5 clinics was rarely due to diagnostic difficulties. In most instances 
it was traceable to the difficult or obnoxious personality of the 
patient. The facility of the clinic refer system and the absence of 
incentive for the clinic physician to care for difficult personalities 
fosters the habit of "passing the buck” in clinic practice. In private 
practice this is discouraged by financial considerations and the desire 
to keep the patient satisfied. 

Chart 1 shows the ratio of clinics per patient. 
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Amount of Psychiatric Treatment. One hundred and twenty-nine 
patients (48%) received psychiatric treatment; 38 of these (14,1% 
of the whole group) made more than 5 visits to a psychiatrist, and 
are designated as having had “considerable psychiatric care.” This 
group of 38 patients made 628 visits within a 5-year period, an 
average of 16.5 visits per patient. The greatest number of psy- 
chiatric visits made by any one patient was 110 visits (No. 4071, 
E. K. , who had severe hypertensive cardiovascular disease) . Ninety- 
one patients (33.8%) made less than 5 visits to a psychiatrist and 


70 


23.8?; 



Number of Clinics 


Chart 1. — Ratio of nrimber of clinics per patient. 


are designated as having had “some psychiatric care.” In this 
group 91 patients made 168 visits, or an average of 1.8 visit per 
patient within the 5-year period. 

It is important to note that there was no direct ratio between the 
severity of the neurosis and the amount of psychiatric treatment. 
A number of patients with stubborn, deep-rooted psychoneuroses 
were considered by the psychiatrist to be unsuitable for further 
psychiatric care, whereas others with less severe symptoms were 
considered amenable to psychotherapy. Although one group is 
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designated as liaving had “considerable psychiatric care,” the type 
of psychotlierapy carried out in the Out-Patient Clinic is admittedly 
of a superficial character. 

hicidowe of Operaiions. It is coiunwnly believed that neurotic 
patients are ])articularly susceptible to the drama of surgical therapy. 
Almost every^ clinician has among his patients at least 1 case of 
“surgical addiction.”® It is with interest, therefore, that the inci- 
dence of operations in the group studied is compared with that of a 
control group of similar age and sex distribution. Accurate surgical 
histories were obtained from 179 psychoneurotic and 100 control 
patients. 

Table 3. — Incidence of Operations. 

Operations. 

No op- Total No. 
orations of opera- Operations 
(%). tions. per person. 

28 286 1.6 

30 in 1.1 

Table 3 shows almost identical percentages of operative and non- 
operative cases in the psychoneurotic and control groups. Further 
analysis reveals certain differences. The high incidence of minor 
operations in the control group (42%) is largely due to the ton- 
sillectomies done in childhood. Although the incidence of ton- 
sillectomies in the psjmhoneurotic group is as great; many more of 
these had subsequent major procedures (31% as compared with 
11 %). The number of operations per patient in the neurotic group 
is persistently higher than in the controls (1.6 to 1.1), due largely 
to the absence of cases of “surgical addiction” in the latter group. 
These figures serve to emphasize the fact that the psychoneurotic 
patient once operated upon is more likely to undergo subsequent 
procedures than the mentally stable individual. 

A correlation between the number of psychiatric interviews and 
the number of operations during the period of treatment was 
attempted. Table 4 shows the highest number of operations per 
patient in the group having the greatest number of psj'chiatric visits 
but the difference is not sufficiently striking to draw any conclusions. 

T.<.ble 4.— Incidence of Operations During Period op Psvchotherapy. 

Patients op- 

Group. erated upon. Total number 

%. of operations. 

5 or more psychiatric ^'isits .... 19 12 

Less than 5 psychiatric visits ... 20 17 

No psychiatric visits 16 21 

The Complaint. The patient’s complaint was studied in some 
detail, since it ivas the focal point about wffiich the illness developed. 
The complaints were single or multiple, fixed or inconstant. 


Operations 
per patient, 

0.3S 

0.2G 

0.25 


Major 

and 



Major 

Minor 

minor 

Group. 

(%). 

(%). 

(%). 

179. psychoneurotic patients 

15 

26 

31 



72 


100 control patients 

17 

52 

11 



70 
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Original Complaints. The original complaints were grouped under 
the system or part of the body to which they referred. Muscular 
spasms (tics) and fears (phobias) were listed separately because of 
their unique quality. Only 35 patients (13%) had complaints re- 
lated to one system of the body. The total number of symptoms, 
•therefore, exceeded the total number of patients. 

Chart 2 shows the distribution of complaints according to systems 
of the body. By far the commonest complaints were those related 
to the nervous system or to the body as a whole. One hundred and 
fifty-four patients (57.2% of the entire group) complained of ner- 



Chabt 2. — Symptom chart. 


vousness, weakness, fatigue, insomnia, dizziness, irritability, numb- 
ness, tremor, sweating, loss of weight, drowsiness, worrisomeness, 
apprehension, loss of pep, lessened libido or inability to concentrate. 
These were frequently accompanied by more specific complaints 
referable to other s.vstems of the body. 

The second largest group, consisting of 111 patients (41.5%) was 
referred to the gastro-intestinal tract. In the order of their fre- 
quency the symptoms were abdominal pain, gas (belching, sour 
eructations, or flatulence), nausea, constipation, vomiting, halitosis 
sore tongue, anorexia, difficulty in swallowing, and rectal pain! 
Nausea and vomiting without abdominal pain, often considered a 
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neurotic syndrome,® was rare in this group. Nausea occurred more 
frequently as an isolated symptom. The "mucous colitis” syn- 
drome® occurred in 5 females, but diarrhea was uncommon. 

Fifty-six patients had cardiovascular sj^mptoms. Frequently the 
symptoms could be traced to the patient’s overhearing or being 
told that he had a heart murmur. One woman when running up 
the stairs of a hospital to visit her daughter was waylaid by a 
passing nurse who remarked that “your lips look so blue you must 
be courting a heart attack,” On the same day this patient developed 
pain in the region of the left breast that has persisted for a period of 
3 years. Such inadvertent remarks are often misinterpreted by 
psimhoneurotic patients and ma 3 '^ be the seeds from which full- 
fledged neuroses develop. 

Pain was the commonest of the cardiovascular complaints. It 
was rarely substernal but eommonhv felt over the left chest and 
under the breast. Onlj’- 3 patients had true dj'spnea, but manj' 
complained of diflicultj' in breathing deeply or of the necessity for 
sighing, a characteristic psi^choneurotic phenomenon. Two patients 
with marked hj^pertension had no cardiovascular s^TOptoms. 

Of the 61 patients with head symptoms, 55 complained of head- 
ache, two-thirds of them being women. Characteristic of the head- 
ache of psychoneurotic origin was its indefinite onset, termination, 
and localization. Only 2 patients had headaches occurring in well- 
defined attacks, both of whom were later shown to have t 3 q)ical 
migraine. In 3 patients the headache was attributed to organic 
disease (Paget’s disease of the bone, central nervous sj^stem sj^philis 
and marked hypertensive cardiovascular disease). Other head 
symptoms included pain in the face, tinnitus and burning of the eyes. 

Symptoms referable to the skeletal sj’^stem occurred in 57 patients. 
It was more common for the pain to arise in the muscles between the 
joints than in the joints themselves. In spite of the absence of 
objective changes, the clinician usualty regarded the pain in the 
skeletal sj^stem as due to earty arthritis or m 3 ’'ositis. In many of 
these cases there were no objective signs or positive laboratory 
findings indicative of arthritis even 5 3 mars later at the time of the ' 
reexamination. All of these patients had received some treatment 
for arthritis; 1 had been attending the arthritis clinic for vaccine 
injections throughout the entire 5 3 '^ears. It cannot be overem- 
phasized that a diagnosis of arthritis or myositis based alone on the 
subjective s 3 Tnptom of pain should be regarded with suspicion if 
supporting evidence is not found after the lapse of a 3 'ear. It is 
certainty advisable to avoid use of the term “arthritis” to the 
patient until confirmatory evidence is found. 

Symptoms related to the genito-urinary system were less common 
than was expected, possibty due to the referral of man 3 ' such patients 
directty to the urologic clinic. Twenty-one patients had genito- 
urinary complaints which were distributed as follows: 
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Females. 


Pain over the kidneys 3 

Pain on urination 4 

Nocturia 1 

Frequency 2 

Impotency 

Penile discharge 

Vaginal discharge 1 


Males. 

2 

1 

4 

2 

1 


Nephropexies were done on 2 of these patients without relief. 

Seventeen patients had respiratory symptoms. In order of fre- 
quency these symptoms were cough, chest pain, frequent upper 
respiratory infections, hoarseness and sputum. Two of these had 
bronchial asthma; one severe, the other mild. Three patients with 
arrested pulmonary tuberculosis had no pulmonary symptoms. 

All of the 12 patients with endocrine symptoms were women 
complaining of hot flushes associated with the menopause. Less 
specific endocrine symptoms are grouped under other categories. 
Due to advances in ovarian replacement therapy since 1932, these 
symptoms can now be partially controlled. 

Ten patients with symptoms referable to the skin and lymphatic 
system complained of urticaria, generalized itching, perineal itching, 
burning of the skin, swollen glands and loss of hair. 

Four patients complained of tics, involving the facial or neck 
muscles, and 7 patients suffered from phobias. The most common 
of the phobias was fear of food contamination by dirt or by danger- 
ous objects such as needles. These patients could be classified as 
obsessive neurotics having ruminative tension states. 

The Complaint Five Years Later. Thus far the complaints at the 
time of admission to the dispensary (1932-33) have been discussed. 
These complaints are now compared with those present at the time 
of the follow-up examination 5 years later. Only cases questioned 
and examined by the authors are reported in this table. 


Table 5.— Showing Fixity of Complaints. 

Change due 

No. of to organic Change due 

patients. disease. to neurosis. 

Complaints the same 116 

Complaints changed: 

Same plus new 29 20 9 

All new complaints 22 3 19 

No complaints 10 4 6 

Total 177 27 34 


In the group developing new symptoms in addition to the original 
complaints (29 patients), 13 are accounted for by women entering 
the menopause, and 7 others by the development of intercurrent 
organic disease. In only 9 cases were new symptoms due to an 
extension of the neurosis. 

In 22 patients developing an entirely new set of complaints, only 
3 were found to have organic disease pertinent to the new symptoms. 
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^ In tile complaint-free group, 4 patients ivere cured when organic 
disease thought to cause their sj'inptorns was corrected (terminal 
ileitis, cholecystitis, severe hypochromic anemia and dietary defi- 
ciency). The other 6 attributed former complaints to some tempo- 
rary stress or strain which was subsecpiently relieved by a change 
in circumstances. 

It is of considerable interest that after a lapse of 5 3 mars, two- 
thirds of the group questioned (116 patients) had the same com- 
plaints as at the original examination. If to these are added the 
27 patients whose new complaints were due to organic disease, we 
find that only 34 patients of the group of 177 (19%) changed the 
nature of their neurotic complaints. This fixity of the complaint 
is but one manifestation of the basic changelessness of the psjmho- 
neurotic patient, and probablj’’ represents his most outstanding 
characteristic. 

Results. The patient’s status after 5 jmars is designated in one of 
the following waj^s: 

1. Original Diagnosis of Psychonciirosis Incorrect. In this group 
other causes for the patient’s s^'mptoms were found and there was 
no evidence of a psjmhoneurosis at the time of the follow-up exam- 
ination. 

2, Ciired. If the patient was free of symptoms and presented no 
objective evidence of psjmhoneurosis. 

. 3. Improved. If the sj^mptoms were less in intensity or frequency 
and the work record was improved, the patient was placed in this 
group. 

4. Unchanged. If there was no subjective or objective change in 
the patient’s psjmhiatric condition, he was classified as unchanged. 

5. tyorse. If there was progression of the neurosis as evidenced 
by increase in intensity or frequenej' of sj^mptoms, decreased work 
capacity, or necessity for institutional care. 

6. Dead. The cause of death is given and when possible is cor- 
related with the original diagnosis and complaints. 

Table 6 shows the end results in the group of patients examined, 
the patients in state institutions and the deaths. 


Group. 

Much psychiatric 
care 

Some psychiatric 
care 

No psychiatric care 


Table 6.— Results. 

Incorrect Im- tin- « 

diagnosis. Cured, proved, changed. Worse. State Hosp. Ueatn. 

1 (?) 0 10 13 6 4 1* 

2.9% 0% 28.6% 37.1% 17.1% 11.4% 2,9% 

2 1 22 26 13 4 3 

-2.8% 1.4% 31% ■ 36.6% 18.4% 5,6% 4 2% 

13 7 13 41 8 1 11 

13.8% 7A% 13.8% 43.6% 8.5% 1.2% 11./% 


Total 


27 9 

16 8 45 80 36 15 

8% 4% 22.5% 40% 18% /■5% 

* One patient (M. R. 9805) was classified as improved at the time of follow-up 
examination. Several months later, however, before our study was completed, no 
died, and is therefore listed under the deaths. 
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Original Diagnosis of Psychoneurosis Incorrect. In the group 
receiving much psychiatric care Case 6544 is noteworthjL In addi- 
tion to many visits to the medical clinic, she was seen in 14 other 
clinics and made 5 psychiatric visits during the years 1933 to 1939. 
The original psychiatric impression was psychoneurosis with hys- 
terical features superimposed on a psychopathic personality. The 
medical diagnosis was psychoneurosis, migraine and epilepsy. At 
the time of the follow-up examination in February, 1939, the 
patient’s chief coinplaint Avas convulsions. , It was found that she 
had a positive blood serology and a positive spinal fluid Avith a 
paretic type of gold curve. Although the patient did exhibit certain 
hysterical personality traits there has been such a marked improve- 
ment folloAAung malarial and other antiluetic therapy that it Avas felt 
justifiable to place the patient in this group. 

The 2 patients receiAung some psychiatric care. Cases 7800 and 
3041, AA’^ere felt on reexamination to shoAv no evidence of psychoneu- 
rosis. Both the medical and psychiatric examiners agreed that the 
symptoms 'were on a physical basis without any appreciable emo- 
tional component. The one patient has Paget’s disease of the bone, 
the other has hypertensive and arteriosclerotic heart disease. 

Four of the 13 patients in the non-psychiatrically treated group 
Avere found to be perfectly Avell. Recovery in these patients fol- 
loAA^ed the proper treatment of organic disease unrecognized during 
the first year of dispensary attendance. (1, Ileocolostomy and re- 
section for terminal ileitis; 2, cholecystectomy Avith removal of a 
chronically inflamed gall bladder Avith stones; 3, high vitamin, high 
calcium diet in a malnourished patient AAUth poor dietary habits; 
4, adequate iron therapy in a patient with idiopathic hj’pochromic 
anemia.) The other 9 patients in the non-psychiatrically treated 
group Avere thought to be suffering entirely from organic disease 
Avithout significant personality difficulties. These disorders Avere: 
1, coronary artery disease, 2 cases; 2, cardiovascular syphilis, 1; 
3, rheumatic heart disease, 1; 4, pernicious anemia AAuth subacute 
combined sclerosis of the cord, 1; 5, arthritis, 2; 6, postencephalitic 
Parkinsonism, 1; 7, lumbosacral strain, 1. 

The errors in this group could haAm been avoided if the physician 
had been aware that positive CAudence of neurotic personality traits 
and neurotic behaAUor is essential for a diagnosis of psychoneurosis. 
It should iieA^er be made solely on the basis of the exclusion of organic 
disease, for it is this common practice AA^hich frequently results in a 
postponement of the correct diagnosis until such a time as therapy 
may be of no aA^ail. Far more prudent is a modest confession of 
ignorance of the diagnosis rather than a diagnosis of psychoneurosis 
in the patient Avith unexplained complaints AARthout evidence of 
neurotic personality traits. 

Cured. Six of the 8 patients cured AA-ere gainfully emploved. 
These patients had undergone favorable environmental changes 
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which undoubtedly caused a resolution of the neurotic manifesta- 
tions. In 4 of these the changes were improvement in the patient’s 
economic status; in the fifth, separation from an incompatible wife. 
The sixth patient with almost complete loss of hearing had obtained 
a satisfactorj’ hearing aid. In 2 patients the factors involved in 
the resolution of the neurotic process could not be ascertained. 

Iviproml. In 33 patients, irrespective of whether they had 
received psychiatric treatment or not, improvement appeared to be 
related to changed circumstances, e. g., it followed some favorable 
change in the patient’s environment, social status or personal rela- 
tionships. The commonest of these changes are given below: 

1. Changes in occupation, c. g., more pay, better working hours, 
better working conditions, more congenial emploj'er or working 
companions, more desirable geographical location. 

2. Changes in social status, e. g., marriage, re-marriage, or sepa- 
ration or divorce from incompatible partners. 

3. Death of burdensome or antagonistic relatives or emancipation 
from them through departure from the home, e. g., invalid mother, 
mother-in-law and so on. 

4. The adoption of a child in sterile marriage. 

5. Changes in sexual drive due to advancing age. 

In a smaller number (8 patients) improvement was due to sponta- 
neous recovery from minor organic ills (e. g., subsidence of meno- 
pausal sj'mptoms) or to improvement of these ills due to medical 
treatment and/or better insight into the illness through psimho- 
therapy. 

One patient’s improvement was attributed to the adoption of 
Christian Science. 

In 4 patients showing some improvement there still e.xisted a 
vicious circle of somatic and neurotic factors. 

Unchanged. Eighty of the patients interviewed showed no evi- 
dence of change in their psychiatric status. This represents the 
largest group and confirms the current belief that when firmly estab- 
lished the fundamental attitude and behavior pattern of psycho- 
neurotic patients is unaltered by external influences. 

Tf'^orse. Thirty-six of the patients interviewed showed progres- 
sion of their neuroses. Of these, 9 required care in psychiatric 
institutions. Of the remaining 27, 21 showed no evidence of co- 
existing organic disease and the patient’s ill-health was attributed 
solely to the progression and fixation of the neurosis. 

In 6 patients, increase in the sjunptoms seemed due to both a 
progression of the organic disease and the neurosis. _ One of these 
patients, Case 48603, is worthy of mention, for during the 5-year 
period polyc^^stic disease of the kidneys and liver was recognized. 
The follow-up examination revealed abundant evidence of deep- 
rooted hjqmchondriacal trends with beginning depressive and para- 
noid features in addition to the organic disease. 
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None of the 9 institutionalized patients were interviewed. Eight 
had had psychiatric interviews at The New York Hospital during 
the first year of their admission to the Out-Patient Department. 
Four of the 9 patients were diagnosed in the State Institution as 
suffering from dementia prascox, 4 from psychorieurotic disorders 
(1 complicated by chronic alcoholism), and 1 from a depressive 
psychosis. 

Death. The deaths are listed in Table 7. 


Table 7. — Deaths- 


Hist. No. 


Original Out-Patient Dept. 



of patient. Age. 

diagnosis (1933-34). 

Cause of death and date. 

Autopsy, 

45845 

55 

Hypochondriasis and anxiety 
state; syphilis (treated) 

Suicide, 1935 

Medical examiner 

280* 

05 

Anxiety state (fpetit mal attaeks) 

Cancer of breast, skeletal metastases, 
1938 

Not done 

21238 

43 

Psychoneurosis, polycythemia 
vera 

Leukemia following polycythemia, 
1936 

Montefiorc Hospi- 
tal 

9719 

60 

Psychoneurosis with anxiety fea- 
tures; hypertension 

Carcinoma of lung, 1937 

Not done 

I879G 

31 

Nervous indigestion 

Influenzal pneumonia with multiple 
lung abscesses, 1937 

At New York Hos- 
pital 

3141 

24 

Psychic trauma 

Accidental (auto accident) 

Medical examiner 
(up-state) 

19144 

33 

Neurasthenia with chronic in- 
validism 

Leukemia, 1937 

Not done 

10842 

45 

Psychoneurosis with depressive 
features 

Lobar pneumonia complicated by 
chronic alcoholism, 1936 

Not done 

14952 

27 

Nervous fatigue 

Pneumonia, 1938 

Not done 

22G46 

52 

Psychoneurosis and hypertensive 
cardiovascular disease 

Coronary thrombosis 

Not done 

29033 

23 

Neurasthenia 

Postoperative death; duodenal ulcer, 
cholelithiasis, hemorrhage, 1934 

At Polyclinic Hos- 
pital 

1C948 

46 

Anwety neurosis 

Suicide when in Bronx Hospital for 
terminal cancer of lung, 1937 

Medical examiner 

26406 

35 

Psychoneurosis; hypertension 

Cerebral hemorrhage 

Not done 

3738 

64 

An-xiety state caused by financial 
stress 

Bronchopneumonia complicating ar- 
teriosclerotic heart disease, 1934 

Not done 

9805 

32 

Allergic asthma; bronchiectasis, 
psychoneurosis 

Bronchopneumonia; 7 pulmonary 
fibrosis, 1938 

Not done 


* Psychiatric consultant did not confirm the otipnal diagnosis of anxiety state in this patient, but thought 
the condition was entirely due to epilepsy and its equivalents. 

Analysis of the deaths reveals that; 1. In no instance can it be 
said with certainty that the patient died of an illness present but 
unrecognized at the time of the original diagnosis. In Case 29633 
it is probable that the duodenal ulcer for which the operation was 
performed was present but unrecognized in 1933. In Case 286, 
however, it is highly improbable that the patient’s chief complaint 
of headache was due to the bony metastases from the carcinoma of ' 
the breast. The primary tumor was not recognized until 1937, 
and the bony metastases were demonstrated by Roentgen raj' 
shortlj' thereafter. This case is further complicated by hyperteri- 
si\'e cardiovascular disease which in itself might account for the 
lieadaches. 

2. Pour patients died of causes related to the organic disease diag- 
nosed on the original visit (Cases 21238, 22646, 26406, 9805). 

3. Eight patients died of unpredictable causes, the commonest 
of which was pneumonia. 
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4. In 2 cases death occurred by suicide (Cases 45845 and 16948). 
In 1 of tliese the precipitating factor was incurable cancer of the lung. 
^ ^ Ovgonic Disease Discovered at I’ivic of Follow-up Exavtinaiions. 
The organic disease in this group is believed to have been present 
but unrecognized'at the time of the original examination. It is not 
the purpose of this paper to emphasize the diagnostic frailties dur- 
ing 1932 and 1933. However, cases with unrecognized organic dis- 
ease are summarized in one table for purposes of simplification. 

Cured Group — 4 Cases. Improved Group — 4 Cases. 

1. Terminal ileitis j. Gastritis 

2. Chronic cholccyatitis and cholelithiasis 2. Rheumatic heart disease rvdth mitral 

3. Idiopathic hypochromic anemia stenosis, Class I 

4. Malnutrition with vitamin deficiency 3. Hypertensive cardiovascular disca.se 

■ 4. Arteriosclerotic heart disease 


Unchanged — 6 Cases. 

1 . Hypertensive cardiovascular disease 

2. Diaphraematie hernia 

3. Latent S3T3hilis 

4. Hypertensive cardiovascular disease 

5. Migraine (2 cases) 


Worse — d Cases. 

1. Polycystic kidneys and cystic liver 

2. C.N.S. syphilis 

3. Cardiox-aseular syphilis (2 cases) 

4. Cholecystitis and cholelithiasis 


The occurrence of unrecognized sj^hilis is no doubt due to the 
omission of the routine Wassermami test in the Medical Clinic prior 
to 1935. The organic disease discovered in 2 patients, the one with 
rheumatic heart disease, Class I, and the other with congenital 
diaphragmatic hernia, is thought to be an incidental finding unre- 
lated to the patient’s symptoms and complaints. 

Folloto-up Cases Not Infenieired. Data in this group were ob- 
tained from 69 patients, either through correspondence or home 
visits by the social service worker. They are not amenable to the 
careful analysis of the interviewed group and are therefore tabu- 
lated without detailed comment 


Tabi/B S. — PoLLOw-up Cases Not iNXBnvjEWED. 


Much psj’chiatric care . 

Tncorrect 

diagnosis. 

. 0 

Cured. 

0 

Improx-ed. 

2 

Unchanged. 

1 

Some psychiatric care . 

. 1 

4 

9 

6 

No psychiatric care . 

. 0 

1C 

14 

10 

Total 

. 1 

20 

25 

17 

(1.4%) 

(29%) 

(36.2%) 

(24.C%) 


The much higher percentage of patients cured and improved in 
the correspondence group as contrasted with the interviewed group 
(65.2% contrasted with 27%) may be due to a variety of causes, 
none of which can be unequivocally proven. The commonest 
reasons given for refusal to attend the follow-up examinations were: 
1, the patient felt perfectly well and saw no necessity for the e.xam- 
ination; 2, difficulties were encountered in securing time on from 
work in order to attend the interview; 3, dissatisfaction with previ- 
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ous care and failure to be benefited thereby. From the first two of 
these reasons one would predict a larger, percentage of cured or im- 
proved patients in the correspondence group. This is further 
substantiated by the fact that in the interviewed group it was noted 
that the patients with the most severe and deep-seated neuroses fre- 
quently responded earlier and more enthusiastically to the request 
for interview than the patients who were less mentally disturbed. 



Chart 3. — Cost for patient care. 


Cost of Medical Care. The cost of medical care during the stud^'^ 
period for the 269 psychoneurotic patients was ^16,345, the average 
cost per patient being S60.76. Of this amount 54.4% was paid by 
The New York Hospital; 37.6% by the patients; and 8% by the 
Department of "iVelfare of the City of New York. In the control 
group the average cost per patient was S37.18, or 61.2% of the cost 
of the care for the psychoneurotic patient. The distribution of the 
cost in the control group was as follows: 39.9% paid by The New 
York Hospital; 47.4% V the patient, and 12.7% by the Depart- 
ment of Welfare of the City of New York. These data show that 
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the cost of medical care to patient and to hospital is higher for 
psychoneurotic patients than for those with organic disease. This 
is illustrated in Chart 3. 

In an effort to learn if this increased cost is justified, the cost was 
correlated with the clinical results at the end of the 5-year period. 
This is shown in Table 9. 


Table 9. — Cost or Medical Case. 


Result.?. 

No. of 

Average cost 

patients. 

per patient. 

Original diagnosis incorrect 

. ... 17 

8158.18 

Cured 

... 28 

30.71 

Improved 

. . . 71 

48.14 

Same 

. . . 96 

56.91 

Worse ... . . 

... 43 

49.34 

Deaths 

... 15 

95.86 


The average cost was greatest for patients in Avhom the original 
diagnosis was incorrect. This is explained by the frequent hospi- 
talization for investigation of patients in whom the diagnosis was 
obscure. Of this group 5 spent 112 days on the Pavilion at an 
average cost of S326 per patient. The cost was least for those 
patients that were cured, and increased as the result became less 
favorable. It is apparent therefore that in the psychoneurotic 
patient the cost of medical care is not proportional to the clinical 
result. 

Clinics Aticnded. The cost of medical care is directly related to 
the number of clinics attended. This is shown in Table 10. 

Table 10. — Relation of Cost to Number of Cllvzcs Atten'bed. 


No. of No. of Average cost 

clinics. patients. per patient. 

1 48 S12.43 

2 64 39.79 

3 48 30. 4S 

4 39 49.38 

5 . 20 38.45 

G 20 152.50 

7 S 205.00 

8 8 149.00 

9 4 215.00 

10 3 206.67 

11 .2 309.98 

12 3 333.66 

15 1 217.00 

20 1 459.00 


An effort was then made to correlate the number of clinics at- 
tended with the end-results. This is shown in Chart 4. 

These data show that a higher proportion of psychoneurotic 
patients were cured or improved in the group attending 5 or less 
clinics than in the group attending 6 to 20 clinics. It also shows 
that a higher proportion are the same or worse in those attend- 
ing 6 or. more clinics. Since attendance in more clinics does not 
contribute to the therapeutic result and does increase the cost of 
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medical care, it appears that it would be better to care lor patients 
in as few clinics as possible. 

Ouisidc Cost. An effort was made to determine the medical costs 
other than those contracted at The New York Hospital. The 
patients’ unwillingness or inability to give an accurate statement of 
this, however, made only a rough estimate possible. It was found 
that 77 (28.5%) were treated only at The New York Hospital, 
whereas 109 (40.4%) had visited other clinies, had consulted private 
doctors or had called ambulance or Relief doctors; 84 (31.1%) gave 
no information. 



Chart 4. — Correlation of clinics attended and end-results. 


Summary of Medical Costs. Study of the medical costs of psy- 
clioneurotic patients raises several interesting problems, not the 
least of which involves the justification for the greatest expenditure 
on a group that shows little or no improvement over a period of 
5 years. Some of the poor results are no doubt attributable to the 
inherent nature of the disease. Efi^orts to improve the results by 
referring the patients to various special clinics were largely futile 
and partly account for the increased cost of medical care. This 
suggests that the static therapeutic results and the high cost may be 
influenced by altering the method of management of these cases in 
the clinic system at The New York Hospital. 

Discussion. From this study were developed certain suggestions 
for improvement of the care of psychoneurotic patients, some of 
which are already in effect. In the past 5 years more time and 
energy have been devoted to teaching medical students and resident 
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and clinic^ jihysiciaiis how better to deal witli psychoneiirotic 
patients. J he importance of this becomes obvious wlien it is recog- 
nized that most oi the mistakes made are the inevitable sequel® of 
the physician’s ignorance of, or attitude toward, psych oueurotie 
disorders. The psychiatric consultants in the medical clinic have 
been increased from 2 to o and a resident psychiatrist who devotes 
most of his time to consultation problems in the general hospital 
has been provided. Fourth-year medical students during their 
clerkship in the Out-Patient Department are increasingly aware of 
the emotional and environmental factors in illness and are less 
inclined to label every patient with personality difficulties as a 
“ crock.” In an 8-week clerkship the students often obtain excellent 
therapeutic results in patients who are impressed by the “doctor’s” 
interest and understanding of their case. In a few interviews the 
internist or the medical student can often make life more tolerable 
for these patients though a permanent cure is rarely achieved. It 
may be necessary over a period of years for the doctor to repeatedly 
explain to the patient the nature of his illness and the mechanism 
of his symptoms. It cannot be overemphasized, however, that any 
method of therapy that permits these patients even a temporary 
respite from constant medical attention is therapeutically sound. 
This view is substantiated by the absence of dramatic therapeutic 
results in patients under prolonged treatment in the psychiatric clinic. 

In the management of psychoneurotic patients in a general medi- 
cal clinic, a few simple principles are advocated: 

1. The old concept that a disease is either functional or organic 
should be abandoned; it should be recognized that both functional 
and organic diseases occur in the same patient with great frequency. 

2. The diagnosis of psychoneurosis should never be made solely 
as an exclusion diagnosis, e. g., based on a failure to find evidence 
of organic disease. It necessitates the presence of definite neurotic 
personality traits and behavior which maj'^ manifest itself as anxiety, 
hysteria, hypochondriasis, phobias, tics or obsessive states. 

3. The t^Tie and extent of organic disease should be established 
early. 

4. The physician should consult with a psychiatrist and a social 
worker early in order to determine whether extensive psychotherapy 
is advisable and whether environmental or social handicaps can be 
lessened or removed. This is considered important since the poor 
results in the psychiatrically treated group may be due in part to 
an unfortunate selection of cases. Some patients with deep-seated 
psychoneurotic disorders receive little benefit from therapy in the 
psychiatric out-patient department and for this reason may be re- 
ferred back to the internist for superficial psychotherapy. A great 
service is rendered these patients if the internist will treat them with 
supportive measures and see them as often as is necessary to prevent 
medical shopping. 
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5. AVhen it is necessary for both the psychiatrist and the internist 
to see the patient over a long period of time it is of importance that 
they consult occasionally, particularly before any major therapeutic 
changes are undertaken, c. g., elective operations or treatment in 
new climes. 

6. The patient should have but one physician. When consulta- 
tions with specialists are necessary they should be held in the pres- 
ence of the referring doctor. This minimizes the confusion so often 
arising from conflicting opinions and advice. 

Many patients are cared for indefinitely in the clinic when there 
is little or nothing to be gained by continued attendance and 
repeated examinations. Much time, money and energy are wasted 
through this practice. It was not an uncommon experience to find 
in 15 minutes’ conversation with the patient that in years of clinic 
attendance no one had given the patient a simple explanation of his 
illness or told him that he could do as much for himself at home as 
the doctor could in seeing him repeatedly in the clinic. Some 
patients learn this through a process of trial and error. 

An effective system should be developed to discourage medical 
shopping in the various institutions and clinics throughout the city. 
This practice with its duplication of examinations is an economic 
waste, increases the cost of medical care and is detrimental to the 
patient’s welfare. The problem is one which cannot be solved by 
any one institution', the solution rests with the local (city) medical 
society. In New York City these patients represent but one group 
who would benefit if the present system of medical care were re- 
organized in such a way that there would be centralization of local 
responsibility and simplification of the cooperative service rendered 
by the Department of Welfare, private hospitals and the charitj’^ 
and industrial organizations. 

Summary. In a general medical clinic 269 consecutive patients 
with the diagnosis of psychoneurosis were reinvestigated after the 
elapse of 5 years. Sixty-seven (25%) patients had coexisting major 
organic disease at the time of the original interview; 129 (48%) 
received psychiatric treatment varying from 1 to 110 psychiatric 
visits, the average being 6. Five years later, 80 j(40%) patients 
shoAved no change in their psychiatric status, 45 (22.5%) Avere 
improved, 36 (18%) Avere AAmrse, 8 (4%) were cured, 15 (7.5%) had 
died and 16 (8%) had been incorrectly diagnosed as psychoneurotic. 
There Avas no noteAvorthy difference betAveen the psychiatrically and 
non-psychiatrically treated groups but this Avas thought to be due 
in part to umvise selection of cases for psychiatric treatment. 
Better therapeutic results were obtained in those patients aa'Iio at- 
tended few clinics than in those who attended many clinics. The 
cost of medical care increased in proportion to the number of clinics 
attended. 

Suggestions have been made for the improvement of the care of 
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psyclioneurotic jiaticuts. Among these is an educational program 
which emphasizes to medical students, resident and out-patient 
departinent physicians, the importance of the patient's personality 
in relation to liis illness. The referral of psychoneurotic patients 
from clinic to clinic, largelj’ due to the unwillingness of the physician 
to deal with unpleasant personalities, is a pernicious habit which 
should be discouraged. It adds to the cost of medical care and 
jeopardizes the patient’s chance of cure. 

It is believed that the internist with adequate training, the proper 
attitude and a suitable clinic organization can, in a few concentrated 
intervieivs, make life more tolerable for many psychoneurotic 
patients although he can cure relatively few. This can be accom- 
plished with a maximum economy of time and money for the patient 
and effort for the physician if the patient has but one doctor. 

Psychiatric iiitervicv,-s wore carried out by Dr. Phyllis Grcenacre and Dr. Emeline 
Hayward of the Department of Psychiatrj’ of the Payne Whitney Clinic. Social 
Service contacts and investigation were carried out by Miss Mice Pahmy of the 
Social Service Department of The New York Hospital. 
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A PRELIMINARY clinical report by Wechsler®® in March, 1940, on 
2 patients with amyotrophic lateral sclerosis, showing favorable 
results after treatment with vitamin E, has led to a widespread 
clinical trial of this vitamin in certain forms of muscular atrophy. 
Many reports^"'*’" are now available, not onfy on the treatment of 

* Read in part before the Boston Society of Psychiatry' and Neurology. March 20, 
1941. 
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amj'otrophic lateral sclerosis with vitamin E, but its use in other 
intrinsic, degenerative diseases of the spinal cord, as well as in cases 
of dystrophy and peripheral neuritis. Vitamin E has been used in 
its synthetic state, alpha-tocopherol acetate, by mouth and by 
intramuscular injection; as wheat-germ oil; and in the form of foods 
rich in vitamin E. Wechsler,^'' in his second report, used all 
methods. Slowly there is being evolved a considered opinion, both 
in regard to vitamin E itself and its effect on various diseases. 

At the Massachusetts General Hospital we selected a few patients 
for treatment, using those whose chief symptoms were atrophy and 
fibrillation of muscles. Vitamin E was used in the form of alpha- 
tocopherol acetate,* given either by mouth or subcutaneously. 
Eleven cases diagnosed as amyotrophic lateral sclerosis, 6 cases of 
progressive muscular atrophy and 4 of peroneal muscular atrophy 
of the Charcot-Marie-Tooth type Avere treated over a period of 
10 months betAveen April, 1940, and February, 1941, inclusive. 
Some ‘patients Avere observed 4 months after treatment Avas dis- 
continued. 

All the 21 cases are summarized in Table 1. SeA^en case histories, 
hoAvever, are given as illustratiAm of the group as a Avhole. 

Case Reports. Case 1.— Amyotrophic Lateral Scl^osis. E. S. (223490), 
a carpenter, aged 42, noticed some “stiffness” in his left hand 12 months 
prior to entry. Weakness developed in his hand within 3 months followed 
by stiffness and Aveakness of his legs about the sanie time. His family and 
past history Avere non-contributory to his present illness. 

On examination, atrophy of the small muscles of the hands and of the 
shoulder muscles Avas observed, the atrophy being more pronounced on 
the left than the right. Fibrillary tAvitchings Avere observed in all the 
atrophic muscles. His legs Avere spastic, without atrophy. The reflexes 
Avere brisk and equal in the arms; in his legs, the reflexes Avere greater on 
the left than the right and an ankle clonus and Babinski sign Avere elicited 
on the left side. There Avas hypalgesia of the ulnar areas of both hands and 
forearms. A spinal cord tumor Avas suspected, because of the sensory 
changes and a reported lipiodol “block” at the level of the fifth cervical 
spinal cord segment; a laminectomy at this level failed to disclose any lesion. 

FolloAving operation, vitamin E Avas given for more than 9 months by 
mouth. The dosage, begun at 20 mg. a day, Avas increased at intervals of 
8 Aveeks to 250 mg. a day. He took the final dosage of 250 mg. a day for 
14 AA'eeks. His condition appeared to improve slight^ at the start of the 
treatment, but shortly no further change Avas noted. The disease at the 
end of 9 months was stationary. 

Case Q.-~ Amyotrophic Lateral Sclerosis. L. B. (249423), a machinist 
aged 43, entered the hospital in May, 1940, because of atrophy and .weak- 
ness of the right hand of 3 years’ duration. There was atrophy of the tlienar 
muscles in the right hand and some AA^eakness on the left. Fibrillations Avere 
present in both shoulders. The arm reflexes Avere hyperactive, Hoffmann 
•sign AA'as present on botli sides and, although the legs Avere not Aveak there 
Avas a bilateral Babinski sign. The spinal fluid was normal. ’ 

Ifitamin E, by mouth, AAns given in doses of 50 to 200 mg. daily oA^er a 
period of 6 months. There Avas no change in the clinical findinss at the 
end of the treatment period. 

* Kindly furnished by Hoffmann-LaRoche, Inc. 



560 


VIETS, tkowbridge, gvkdeiisen: 


started, 30 to 40 fibrillations per minute were recorded from the right 
deltoid muscle by surface electrodes. In July, 1940, the count ta'cr the 
same muscle was 10 to 12 and in October, 1940, after being under treatment 
for 0 months, no fibrillations were recorded. In December, 1940, 3 months 
later, the «nint was 50. The vitamin E was stopped at this point. In 
January, 1941, 14 fibrillations were counted and in April, 20 per minute 
■\^e^e seen in the electroni 3 ’'ograrn. All counts were taken under similar 
circumstances of environment and from approximately the same points on 
the muscle. 


Table 1.— Cases Trexteo With ViTAms' E From Apkil, 1940, to Joke,' 1941. 


Months Weeks 


No. 

Initials. 

Cn$c No. 

Age. 

Sex. 

of 

disease. 

of 

treatment. 

Result. 



Amyotrophic Laicral Sclerosis. 



1 

E. S.* 

223490 

42 

M 

12 

38 

Unchanged 

2 

\V. M. 

212S4S 

39 

M 

11 

8 

Died 

3 

F. B. 

172564 

48 

F 

12 

8 

Worse 

4 

G. K. 

239472 

51 

F 

12 

18 

Died 

5 

G. D. 

250632 

67 

M 

4 

10 

Died 

G 

L. B.* 

249423 

43 

M 

36 

28 

Wofse 

7 

D. T. 

13562 

61 

F 

60 

12 

Unchanged 

S 

L. W 

250543 

45 

M 

24 

IS 

Unchanged 

9 

K. G.* 

1030S4 

01 

F 

12 

29 

Worse 

10 

J. M. 

254899 

70 

M 

3 

4 

Died 

11 

F. C.* 

242214 

43 

M 

12 

4 

Died 



Progressive Muscular Atrophy. 



12 

S. K. 

249990 

53 

M 

IS 

23 

Worse 

13 

L.G. 

250639 

30 

M 

18 

9 

Unchanged 

14 

J. P.* 

9S4S2 

53 

M 

0 

34 

Worse 

15 

M. M. 

14510 

43 

P 

36 

38 

Worse 

16 

W. P.* 

270257 

66 

M 

36 

15 

Died 

17 

F. A. 

250973 

34 

M 

7 

9 

Unchanged 



Peroneal Muscular Atrophy. 



18 

L. P. 

237194 

30 

M 

(years) 

36 

Unchanged 

19 

A. E.* 

239571 

43 

F 

3 

36 

Worse 

20 

D. M. 

240S00 

35 

M 

(years) 

8 

Unchanged 

21 

T. D. 

255IS9 

19 

M 

36 

13 

Unchanged 


* Case histories .abstracted in the paper. 


Case O.—Amylrophic Lateral Sclerosis. K. G. (103084), a Finnish house- 
wife, aged 61, entered the hospital August 16, 1939, with a complaint of 
weakness in both arms for a period of 1 year. Atrophy and fibrillations 
were noted in the deltoid and triceps muscles, bilaterally and also in the 
muscles of the tongue. The triceps reflexes were moderately active, but 
the biceps and those in the legs were very brisk. Both the Hoffmann and 
the BabinsM sign were present. Treatment with rdtamin E was begun 
in May, 1940, and continued for over 7 months; the dosage, beginning at 
50 mg. a day, was increased in the last weeks of treatment to 250 mg. The 
patient grew- slowly worse. . , 

Case 11 . —Amyotrophic Lateral Sclerosis. F. C, (242214), a single mill- 
worker aged 43, entered the hospital March 25, 1940, with a complaint of 
weakness of his right arm and right leg of 1 year’s duration. The first sjunp- 


* All the electromyograms were taken by Robert S. Schwab, M.D., pirector of 
the Encephalographio Laboratory of the Massachusetts General Hospital. I am 
indebted to him for the reports and the figure used to filustrate Case 16, 
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tom was an unsteady gait due to weakness of the right leg. The arm became 
weak 9 weeks before entry. The patient had suffered from epilepsy since 
the age of 14. The examination on entrance showed spasticity of both 
legs, the right being more affected than the left. Deej) tendon reflexes 
of the legs were increased aliove the normal; patellar and anlde clonus were 
present, with a Babinski sign on the left and a less marked Babinski sign 
on the right. The Romberg sign was not elicited. Both arms were weak, 
the right more than the deft. Atrophy and fibrillation were present in 
both arms, but less evident in both legs. 

On the first admission, wheat-germ oil was given in the concentrated form, 
1 teaspoonful, 3 times daily. 

The patient was readmitted December 8, somewhat worse, with increas- 
ing difficulty in gait, additional weakness of his arm, marked fibrillations 
and atrophy, and dysarthria. There was weakness of the tongue and 
fibrillations. Intensive vitamin E treatment was begun, the patient taking 
up to 450 mg. a day by mouth, with 50 mg. by intramuscular injection, 
3 times a week. He was discharged December 23, and died at home, of 
respiratory paralysis, January 7, 1941. 

Eleciromyograms. On December 9, 1940, the fibrillations varied from 
12 to 20 per minute. On December 23, they were 30 to 40 per minute. 

Case 14. Progressive Muscular Atrophy. J. P. (98482), a male, aged 
53, entered the hospital November 20, 1939, complaining of weakness of 
his right leg of 6 months’ duration. The examination showed, besides 
an atrophic, flaccid right leg below the knee, weakness of both legs and 
arms with fibrillations of the muscles of both thighs and shoulders. There 
was foot-drop on the right side. Syphilis had been contracted 22 years 
before entrance to the hospital, but an examination of the spinal fluid was 
negative for any signs of the disease. Wheat-germ oil wag given in March, 
1940, and vitamin E was taken af er September of the same year. The 
disease processed without remission and in March, 1941, when treatment 
was discontinued, the patient was bedridden. 



I • 200 uv. Some for oil records 


Fig. 1.— Electromyograms of Case 16, progressive muscular atrophy. Taken 
with surface electrodes from the right deltoid muscle. The first record was taken 
before vitamin E was used; the second and third during treatment. There was a 
progressive increase in the number of fibrillations: 240, 350, 390 per minute. The 
patient died 1 month after the last record was taken. (Schwab and Skogland 
courtesy of Journal-Lancet.) 

Case Progressive Muscular Atrophy. W. P. (270257), a law 3 mr 
aged 66, entered the hospital September 15, 1940, complaining of weakness 
of his legs and back of 2 months’ duration. Nearly a year before entrance 
the patient showed signs of posterior column disease, with ataxia, paresthe- 
sias and lightning pains. A diagnosis of tabes was considered in spite of a 
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normal pupillao' rcsjronsc and no changes in the blood or spinal fluid Ex- 
ammation on entrance indicated a new set of signs. There n-as marked 
hbril/atton of ail niuscle.s in tlie shoulder girdle, the inascles of hi.s legs and 
shglit fibrillation of tlic left side of his tongue. The sensory s3miptoins 
noted the year before wore in abe^mnee. Vitamin B, 150 mg. dailj^, was 
given at the start, soon increased to 200 mg. and later to 300 mg. per day, 
partij’’ by intramuscular injection. The patient grew rapidly worse and 
died January 12, 1941. 

Eledromjograms. Before treatment the right deltoid showed 240 fibrilla- 
tions per minute. On December 9, 1940, the count was 350 and on Decem- 
ber 12, 390 per minute. 

Case 19.~Peroncal Muscular Alrophtj. A. E. (239571), a Finnish house- 
wife, aged_ 43, entered the hospital April 18, 1940, because of progressive 
difficulty in walking of 3 months’ duration. The weakness began insidi- 
ously, with dragging of the right leg and inability to climb stairs. Exam- 
ination disclosed a generalized weakness of all the leg musculature, with 
the greatest loss in the tibial and peroneal groups. There ivas foot^drop, 
as well as inability to walk on the toes. The gait was of the slapping, 
steppage type. No fibrillations were observed. The knee jerks and ankle 
jerks were present, but slight. No loss of sensation was recorded. 

Treatment with vitamin E was given for 3 months, beginning with 20 mg. 
per day and ending with 250 mg. per day, for the last 12 weeks. During 
this period the disease progressed steadil}'. By January, 1941, walking 
was almost impossible and weakness in the arms was evident. Her condi- 
tion in March, 1941, was even less satisfactory. 

The Diagnosis of Amyotrophic Lateral Sclerosis and Allied Condi- 
tions. The diagnosis of the intrinsic “system” diseases of the 
spinal cord is no longer a simple procedure, for the exact conditions 
described by Duchenne, Charcot and others have been superseded 
by syndromes, containing the usual motor elements, but in atypical 
and even bizarre forms. Charcot describes amyotrophic lateral 
sclerosis, for instance, as a disease of the motor system, beginning 
with an atrophic, flaccid, symmetric paralysis of the small muscles 
of the hands. The disease progressed rapidlj" up the arms to the 
shoulders with later, but less extensive, involvement of the legs, 
the chest muscles, and the diaphragm. The order of progress sel- 
dom varied ; the simimetry almost never. The disease was entirely 
motor, all sensory elements being absent, including pain, paresthe- 
sias or ataxia. The lateral tracts were also diseased, conspicuously 
in the cervical region, but degenerated in their entire length. The 
legs, therefore, were spastic with an increase in the deep reflexes 
and ankle clonus. Long after Charcot's time the Babinski sign was 
added as a clinical finding. In the later stages of the disease the 
legs often presented the unusual condition of a combination of 
atrophic and spastic paralysis, the former usually overcoming the 
latter. The sphincters were never primarily affected. The pic- 
turesque name, combining a clinical sign with a pathologic finding, 
was the one originally used by Charcot (1869). 

The original descriptions of progressive muscular atrophy are 
even older than those of amyotrophic lateral sclerosis. Duchenne 
(1849) and Aran (1850) described the spinal type and Duchenne 
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(1861), alone, the bulbar form. The diseases are much alike except 
for the absence of lateral sclerosis and its spastic manifestations in 
the legs. in progressive muscular atrophy. When progressive mus- 
cular atrophy began as an affection of the tongue and throat, more- 
over, causing dysarthria with its characteristic hot-potato” speech, 
the disease was called bulbar paralysis. Frequently bulbar paralysis, 
as described above, was associated with progressive muscular 
atrophy, or, more rarely, with amyotrophic lateral sclerosis. 

If the clinical descriptions of these three diseases were thought to 
be rigid and exact, the reports of the pathologic lesion were even 
more so. “Systems” were involved exclusively and the diseases 
were classed as “system diseases” above all others. The “systems” 
were the anterior horn cells column of the spinal cord, extending 
up into the medulla and bulb as the nuclei of the low^er cranial motor 
nerves, and the lateral or “pyramidal” tract. The latter was only 
involved in one of the three diseases, namely, amjm trophic lateral 
sclerosis. No other parts of the nervous system w'^ere affected. 

To these rigid classifications we no longer adhere. Diseases are 
becoming syndromes, not only in their multiple causes, but also in 
their symptomatic variability. In cases of progressive muscular 
atrophy or amyotrophic lateral sclerosis, symmetry is no longer 
considered essential to the diagnosis. The disease may, moreover, 
begin in the shoulder, trunk or even in the legs. One arm or one leg 
may be affected far in advance of its fellow, or one arm and one leg 
may become involved simultaneously. Steady progress in the dis- 
ease, once considered, as a nearly constant feature, is, in addition, 
now regarded as usually characteristic, but not invariably so. Many 
cases have been reported with long remissions: others wdth short 
and even repeated remissions. Remissions, however, do not consist 
of periods of improvement, but in a temporary secession of clinical 
advancement. Continued relapse is still the rule; intermittent 
relapse, the exception. 

When sensory symptoms are reported, however, the diagnosis 
must be seriously questioned. If we wash to uphold the ordinary 
categories of descriptions of clinical entities, w^e must not make too 
broad exceptions. Sensory symptoms of any kind in bulbar par- 
alysis, progressive muscular atrophy or amyotrophic lateral sclerosis 
cannot be allowed, except on the basis of some other coincident 
disease. It is, in part, due to the inclusion of patients with sensory 
symptoms that has led in recent years to false reports of recovery 
following various tjqies of treatment. Certain forms of neuritis, 
particularly neuronitis, involvement of the anterior and posterior 
roots of the spinal cord, and the upper portions of the great plexuses, 
almost always with some sensory symptoms, although closelv re- 
sembling in their clinical manifestations the system diseases, "have 
been called, erroneously, progressive muscular atrophy or amyo- 
trophic lateral sclerosis. A most searching investigation is needed 
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to separate these groups, one so likely to respond to vitamin therapy 
and the other, the intrinsic cord disease, so invariably unaffected 
by any known treatment. This is one of the features, therefore, 
that has tended to confuse our opinion, if based on the current 
literature, regarding the efficiency of vitamin therapy. A more 
careful and strict diagnosis would have led, in some cases, to a less 
sanguine report on the value of vitamin E in the treatment of the 
system diseases. 

Another point, moreover, has often arisen regarding diagnosis. 
This is based on our dependence upon fibrillation as an unequivocal 
sign of anterior horn ceil, or similarly, cranial nerve motor nuclei, 
degeneration. Fibrillation is uncontrolled twitching of the muscular 
units, or small groups of muscle fasciculi, of the voluntary muscles 
undergoing atrophic, flaccid paralysis. It is almost exclusively 
associated with slow degeneration or dysfunction of the motor cells 
of the lower motor neurone. Not characteristic of poliomyelitis, 
an acute process, but invariably a part of the three system diseases 
under consideration, fibrillation may also be a sign of the more 
peripheral diseases, the various forms of neuritis. In the system 
diseases, howe\'er, it is often persistent, widespread and has a 
rippling, wave-like quality, not seen in neuritis. It often precedes 
any marked paralysis, but atrophy is usually obvious when fibrilla- 
tion is present. Rare twitches are the rule in neuritis; nearly con- 
tinuous activation in bulbar palsy, progressive muscular atrophy 
and amyotrophic lateral sclerosis. The fibrillations may be easily 
recorded on an electromyogram, but there is nothing characteristic 
about the changes in electric potential and electromyograms are 
not diagnostic of individual diseases. If they can be recorded elec- 
trically, moreover, they can usualty be seen clinically. The mjm- 
graphic method, however, is a convenient way of making a perma- 
nent record and serves also as a means of counting the number of 
fibrillations in a given unit of muscle. 

If we extend our diagnosis, therefore, beyond the strict limits set 
down by Charcot and his contemporaries, as is customary at tlie 
present time, less dependence on an exact diagnosis must be ex- 
pected. This conforms to the trends in neurology in fields other 
than the sj^stem diseases and leads to a broader outlook on what 
we used to call “clinical entities.” An older neurologist once said: 
“I no longer make diagnoses; I think in terms of syndromes.” All 
is well if only the senior neurologist takes this point of view; the 
junior falls into many traps if he does not stick to diseases. It is 
best to describe the simple diseases as exact diagnoses and then 
point out any unusual feature, without e.xtending the diagnosis far 
afield into the “ at\q)ical ’ ’ territory. In reviewing the recent litera- 
ture on the treatment of these system diseases with vitamin E, one 
is conscious that not a few* diagnoses fall into the “atj-pical ” field 
and thus are doubly difficult to use as a basis for evaluating treat- 
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iiient. This applies, moreover, to some of our own cases, for if we 
used only cases having the signs recognized by Charcot, our list 
would be reduced by a half. Even our abstracted cases, used to 
illustrate the effects of vitamin E therapy, are not strictly in accord 
with an exact diagnosis as described in the original literature. We 
believe, however, that they satisfy the ordinary requirements of 
diagnosis in so complicated a field. 

Peroneal Muscular Atrophy. The Charcot-Marie-Tooth form of 
muscular atrophy, peroneal muscular atrophy, is a somewhat differ- 
ent disease from progressive muscular atrophy, bulbar paralysis or 
amyotrophic lateral sclerosis. It is a heredofamilial disease with 
combined spinal cord and peripheral lesions. This sjmdrome, de- 
scribed in 1886, has some features of a system disease of the spinal 
cord and others linking it to the group of muscular dystrophies. 
Both the ventral horiis and the peripheral nerves are involved. 
Because of muscular atrophy of all the muscles below the knee, 
followed by the intrinsic hand muscles, with fibrillations, the disease 
is one that vitamin E treatment might be expected to help. There 
is slight variation in the clinical forms of peroneal muscular atrophy 
but ordinarily the diagnosis is not' questioned. 

Discussion. In general, our report, like that of many others, 
indicates no beneficial results from the use of vitamin E in amyo- 
trophic lateral sclerosis, progressive muscular atrophy, or peroneal 
muscular atrophy. Similar findings are reported by Fitzgerald and 
McArdle,® Doyle and Merritt,® Denker and Scheinman,® and others. 
The reports of Wechsler, on the other hand, and possibly those of 
Stone and of Gutierrez-Mahoney,® indicate a favorable influence of 
vitamin E on some of the intrinsic disease of the spinal cord and 
medulla. The discrepancies between these results cannot be ex- 
plained at the present time. Further evidence will be needed before 
a final decision can be made. The weight of the reported cases, 
however, is against the value of vitamin E in the diseases under 
consideration. 

It is hoped that the new method of studjdng the level of vitamin E 
in the blood, as reported by Wechsler and his coworkers,® will be of 
value in separating out from any given group of patients those 
deficient in this vitamin. Although the details of the test have not 
been published, the preliminary report is disappointing, as far as 
amyotrophic lateral sclerosis is concerned. Untreated patients with 
this disease showed values within the normal range. Blood levels 
could be raised by oral administration of vitamin E, however, 
although patients thus treated did not all show clinical improvement! 

Simmary and Conclusions. Eleven patients vdth clinical amyo- 
trophic lateral sclerosis, 6 with progressive muscular atrophy and 4 
with peroneal muscular atrophy were treated with synthetic vita- 
min E, by mouth, over a period of 8 to .38 iveeks. 

Doses were progressively increased from 20 to 250 mg. per day by 
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mouth. ^ In a few cases 50 mg. were added by intramuscular injec- 
tion, 3 times a week. 

In addition to vitamin E, most patients ingested vitamin Bj com- 
plex, in various doses during the same period of observation. 

No patient showed any permanent impro\'ement; a few were sub- 
jectively better. 

In general, the course of these diseases was not affected by the 
treatment; many were worse and some died during the period of 
observation. 

Difficulties in exact diagnosis are commented upon as well as the 
importance of a quantitative test for the level of vitamin E in the 
blood. 

Electromyograms are a convenient method of recording the num- 
ber of fibrillations in an affected muscle. They do not, however, 
furnish a definite diagnostic clue to anV of the diseases under con- 
sideration. 
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DERMATITIS FROM TOPICAL APPLICATION OF 2-METHYL-l :4- 
NAPHTHOQUINONE (SYNTHETIC VITAMIN K ANALOGUE). 

Br R. C. Rage, M.D., 

A.SS1STA>'T PHYSICLAN TO PISPENSABT, NEW YORK FOST-GR.'^DUATE HOSPITAL; ASSCh- 
CIATE PSYSIC2AX, VASDSHBILT CLINIC, PBBSBlTEBLiS HOSPITAL; CLINICAL 
assistant physician, grasslands hospital, VALHALLA, N. Y., 

AND 

Z. Bercovitz, M.D., 

.ASSISTANT CLINIC-M. PROFESSOR OF MEDICIXB, KEW YORK POS1^GB.\DU.\TE MEDICAL 
SCHOOL or COHJMBL4 OKIVERStTY; .iSSISTANT ATTENDING PHYSlCl.ij;, 

X-EiV YORK POST-GR.ADttATE HOSPIT.iL, 

XEW YORK, JC. Y. 

(From the Gastroenterology Clinic, Department of Medicine, New York Post- 
Graduate Medical School and Hospital.) 

The increasing oral and parenteral use of 2-meth3d-l :4-naphtho- 
quinone for its vitamin K-like activity" is good evidence that toxicity 
and untoward side effects of this substance are negligible in the 
therapeutic dose range bt' these routes. Our use of methylnaphth(> 
quinone b\' topical application was suggested bj^ the fact that it 
belongs to the group of fat-soluble vitamins (A, D, E and K) of 
which certain members are known to be absorbed through the skin. 

]\Iackie, Eddy and IMills* have shown that defective absolution 
maj' be the cause of some of the vitamin A deficiencies occurring in 
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])atients with colitis, and failure to respond to large oral doses of 
vitamin A Avas common. Hoivever, when cod-liver oil Avas giA’^en 
by inunction a prompt rise of blood Autamin A AA'^as usually obtained, 
de Beer, Drektar and Flusser^ haAm shoAvn that 2-methyl-l : 4-naph- 
thoquinone in suitable Amhicles administered percutaneously to vita- 
min K deficient chicks Avill successfully cure them. A single dose of 
1 7 per chick cured 50% of the depleted chicks and larger doses 
afforded protection for relatively long periods of time. 

Because it has been shown that 2-methyl-l : 4-naphthoquinone 
can be absorbed Avhen applied to the unbroken skin of chicks, ^ it 
AA^as decided to administer the drug by the percutaneous route to 
patients Avith chronic ulcerative colitis. An ointment containing 
1% 2-methyl-l : 4-naphthoquinone in a specially prepared base* 
was obtained and given to patients to apply by inunction to the 
skin. Each patient was given specific directions to rub the oint- 
ment over a different area of skin each night and allow it to remain 
overnight in order to obtain maximal absorption. 

Nine adult patients were treated in this manner and the deA'^elop- 
ment of a dermatitis in 5 of them caused us to discontinue this 
method of administration (Table 1). We have not seen any refer- 
ence to this phenomenon in the literature and the reporting of it 
seems opportune. 

2-Methy 1-1 : 4-naphthoquinone crystals (1 mg.) were applied to 
the skin of 3 normal persons, and in 24 hours an ulceration of the 
epithelium had occurred in 2 and a slight erythema had developed 
at the point of contact in the third person. Patch tests of the 
methylnaphthoquinone ointment Avere done on these 3 persons and 
an intense pruritus, erythema and edema of the area appeared in 
IJ to 2 hours, folloAved in 24 hours by vesiculation. The skin Avhich 
AA'as in contact Avith the methylnaphthoquinone ointment subse- 
quently turned a yelloAvish-orange color AAdiich persisted for a Aveek. 
The pruritus Avas present for 3 to 4 days and tenderness of the area, 
similar to that occurring in actual burns, Avas present for 1 Aveek. 
Patch tests of the ointment base AA’^ere negatiA’'e in all 3. 

Discussion. The dermatitis from the methylnaphthoquinone oint- 
ment applied topically appeared to be due to the primary irritant 
effect of the chemical itself. Crystals of methylnaphthoquinone 
have been shoAvn to be directly irritant to the epithelium. Appar- 
ently the dilution of the chemical (1%) by the ointment base caused 
a delay of several days in the appearance of the dermatitis. The 
patch tests of the methylnaphthoquinone ointment were inconclu- 
sive as they varied from negative to positive, in the persons AAdio 
previously had a dermatitis. An individual variation in skin reac- 
tion to methylnaphthoquinone must be present, as the 3 normal 
persons patch-tested Avith the methylnaphthoquinone ointment gaA^e 
a positiA^e reaction. The subsequent inflammatory changes ran the 
course of a second-degree burn. The ointment base as a contribut- 

* Supplied by Burroughs AVellcome & Co. (U. S. A.), Inc., New York. N. Y 
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Taui.e 1. — Synopsis op Cases. 


Case. 

Ointment containing 
2-inctliyi-l;j-naphliio- 
quinonc, }%. 


S S.-O'-S'F 
jD g oSs c, ® g- 

jU- 

Patch tests (performed 
following completion of 
it ointment studies). 

Quantity 
per RinRle 
appHcatior 

(Km.). 

F/cqucncy 

application 

Dermal manifestations. 

1 Oint- 
1 ment 
AfNO, 
1%. 

Oinl 
* men 
base 

■' Ciysiab, 

‘ AtNQ.* 

1 

h.C. 

0 5 ' 

Daily for V 

None 

“•1 




No oint- 
ment 

For 1 week 

None 

95 

1 

Daily for C 
days 

Diffuse erythematous dermatitis witl 
pruritus 

1 

2 

A.F. 

0,5 

Daily for 7 
daj-a 

Pruritus, mild crj’thematous derma- 
titis, lasted eevera! days 

35 

4- 

- 


3 

n. AI. 

1 

For 1 day 

None 

40 


- 

+ 

in 2 days 

No oint- 
ment 

For 4 weeks 

None 

1 

Daily for 3 
days 

Pruritus, erjibema and edema of skin 
of abdomen, with an additional area 
on dorsum of richt forearm; devel- 
oped into chr. ecrematoid dermatitis 

4 

M.P. 

1 

Twice in 1 
week 

None 

40 



' + 

I 

! Only I day 

, None 

No oint- 
ment 

1 week 

None 

0.5 

Daily for 2 
daj'S 

Pruritus with a diffuse erjdhematous 
dermatitis 

5 

M.T. 

1 

Daily for 3 
dap 

Diffuse erythematous dermatitis 

30 




6 

M.C. 

0.5 

4 times in 

1 week 

None 

20 

+ 

- 

+ 

7 

F. K, 

1 

Daily for 1 
week 

None 

70 

- 


+ 

S 

E. E. 

I 

Every 3 da. 
for 4 ap- 
plications 

None 

40 





1 

Twice in I 
week 

•kin burned after nibbing in ointment 
but no dermatitis appeared 

55 




0 

M.S. 

oint- 1 

meat 

Por 2 weeks S 


m 

m 


• Abbreviation for 2-methyI-l;4-naphthc)quinone. 





















































STUDIES OF THE B AHTAMINS IN THE HUIMAN SUBJECT 569 

ing factor in the dermatitis can be ignored, inasmuch as patcli tests 
were uniformly negative. From the results of this study it can be 
concluded that the percutaneous route of administration of methyl- 
naphthoquinone is not a procedure of choice because of the occur- 
rence of dermatitis in 5 of the 9 patients studied. 

Methylnaphthoquinone in an ointment base has been applied 
percutaneously to newborn babies and has prevented the so-called 
physiologic hypoprothrombinemia of the newborn. In a series of 
24 newborns in which this method was used no evidence of a contact 
dermatitis appeared.® 

Summary. 1. Methylnaphthoquinone 1% in an ointment base 
applied to the skin of 9 patients resulted in a dermatitis in 5 of them. 

2. The dermatitis appeared after several applications of the 
methylnaphthoquinone ointment and consisted in pruritus, eryth- 
ema, edema of the skin, and in 1 case this went on to the appearance 
of a chronic eczematoid dermatitis. 

3. Crystals of methylnaphthoquinone are primary irritants to the 
skin and the dilution of the methylnaphthoquinone by the ointment 
base results in a delayed appearance of the dermatitis. 

4. Multiple topical application of methylnaphthoquinone in an 
ointment base does not appear to be a desirable procedure in adults. 
One or two applications did not cause any untoward side-effect. 
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STUDIES OF THE B VITAMINS IN THE HUMAN SUBJECT, 

V. The Normal Requirement, for Thiamine; Some Factors 
Influencing its Utilization and Excretion; 
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A KNOWLEDGE of tile minimal human requirement for thiamine 
as well as for other members of the B complex, is essential in ordei- 
to assess the adequacy in that respect of any diet or to determine 
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when supplementation of the diet is indicated. Kecent studies have 
attempted to fix the normal range of the need for thiamine’^ and for 
riboflavmi^ in the human being, but no effort has been made to 
assess the factors whicli determine it. Cowgill originallj^ proposed 
that the requirement depends on the body freight and the total 
caloric intake.^ Although indirect confirmation of the accuracy of 
his formula has been possible,''-® in no instance has its applicability 
to man been put to direct test. Accordingly, the present observa- 
tions were carried out to determine wdietlier the minimal require- 
ment for thiamine is accurately e.vpressed by the Cowgill formula 
and to ei'aluate in a preliminary fashion the role of body weight and 
of caloric intake. in determining that requirement. 

Further knowledge is also needed of factors wFich determine the 
urinary excretion of thiamine in the normal subject, since that has 
been used as a measure of deficiency.' Accordingly, the factors of 
bodj'' iveight, total caloric intake, infection, and, in 3 subjects, the 
de\’'elopment of deficiencj', have been studied for their influence on 
the urinary excretion of thiamine. 


Table I. — Abtici.es C6mposino the Experimental Diet. 


Breakfast. 
Orange juice 
Cream of wheat 
Milk 
Egg 
Bacon 
Toast 
Butter 
Jelly 


Lunch. 

Lamb, beef, or chicken 
Potato 

Spinach, carrots or string 
beans 
Bread 

Butter • 

Cornstarch pudding 


Supper. 

Rice 

Cheese, American 

Bread 

Butter 

Pear, pineapple, peach 

Lettuce 

Olive oil 

Sugar 

Candy 

Gelatine 


Methods of Study. Six women, without complicating disease,* or pre- 
existing evidence of deficiency, served tmluntarily as subjects for this studj% 
They resided in our Vitamin Ward,t w'here they consumed a constant daily 
quantity of an experimental diet for 28 to 120 days (Table 1). Weighed 
separately for each subject, the -diet supplied daily a specific amount of 
thiamine t slightly in excess of the theoretical requirement as calculated 

* Two of the subjects (A. H. and F. P.) showed clinical and laboratory evidence 
of chronic hepatic disease. We could, however, obtain no indication'® that their 
utilization of the B vitamins differed from normal at the levels of intake here em- 
ployed. Hence, for the purposes of the present study they are included as essentially 
normal subjects. 

■f The ward of the Thompson Vitamin Clinic contains 8 beds and is devoted solely 
to the study of vitamin deficiencies. It is operated as a separate unit so that the 
subjects may be kept under the constant 24-hour supervision of a staff of 4 graduate 
nurses and so that rigid control of the food and fluid intake and of the collection of 
urine and feces may be maintained. The subjects, selected for their willingness to 
cooperate and for their lack of conflicting disease, are confined to the ward and an 
adjoining sundeok so that environmental conditions are essentially constant. Special 
recreational procedures and occupational therapy are provided. 

t The thiamine content of indivddual foods vvas calculated from the Cowgm 
tables ’ The total daily thiamine intake was measured by chemical analysis of the 
total food consumed by 1 subject on 3 different days. Close agreement was found 
between calculated and actual intake. 



STUDIES OF THE B VITAMINS IN THE HUI^IAN SUBJECT 571 


by the Cowgill formula.* A second group of 3 women, likewise resident in 
the Vitamin Ward consumed essentially the same foodsf but in amounts 
which supplied approximately one-half of their requirement. The protein, 
fat, carbohydrate and the total calories of the diet were adequate for each 
individual. Ascorbic acid, t and in certain instances vitamins A and D § 
and also calcium, were given as supplements. Additional quantities of 
other members of the B complex were not given since their influence on the 
utilization of thiamine is not at present understood and hence it seemed 
more desirable to study the behavior of thiamine when all the B factors were 
reduced more or less proportionately. The dietary conditions so estab- 
lished thus resembled more nearly those actually encountered^ in clinical 
deficiencies in which the supply of the entire B complex is likely to be 
reduced. 

The subjects were weighed daily under standard conditions and were 
observed closely for the development of symptoms and physical signs of 
deficiency. Activity from day to day was essentially constant for each 
subject. The basal metabolic rate and urea clearance were normal in 
every instance. Fluid intake was maintained at 1500 ml. daily. The 
urine excreted over each 24 hours was collected in brown glass bottles con- 
taining 10 ml. of glacial acetic acid and was kept in a refrigerator until 
assayed. The output of thiamine for each 24 hours was determined 
separately. 

The thiamine** content of both food and urine were determined by an 
adaptation of the thiochrome method of Hennessy and Cerecedo,’ as modi- 
fied in the laboratories of Merck & Co., Inc.^ft A. fluorometer constructed 
on the principles outlined by Cohen^ and incorporating suggestions made 
by Hills® was used. The source of ultraviolet light was a 100-watt Type H 
General Electric lamp. The incident light was filtered through Woods 
glass. A Type II Western Photronic cell, screened by a Wratten 2A filter, 
was employed to measure fluorescence, the current from the photocell 
being measured by means of a Rubicon high-sensitivity galvanometer. 
Solutions of thiamine analyzed simultaneously with unknowns were used as 
standards for fluorometry. Thiamine added to urine was recovered within 
±10% of the theoretical, although usually deviations were much smaller. 

In the food analyses an amount exactly equal to that consumed by an 
individual in a given day was finely ground and was extracted overnight 
with 3 liters oP 3% sulphuric acid. The extract was then thoroughly 
shaken and 100 ml. aliquots containing approximately 0.5 to 3.2 fig. of 
thiamine were autoclaved and assayed in duplicate for free and total 
thiamine using standard thiamine solutions for comparison. The dupli- 
cate determinations agreed closely. 


Results. The Normal Requirement for Thiamine. Of the 6 women 
who received a daily amount of thiamine closely approximating the 
theoretical requirement as calculated by the Cowgill formula, the 


^ Vitamin Bi (micrograms) 

Calories 0.0000284 weight X 0.160. 

+ r, • • , , grams 

mt Bacon were the only articles of food omitted in the defi- 


t The ascorbic acid was kindly supplied by E. R. Squibb & Sons, New York City 
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ratio 


Thiamine . , „ 

TlieoretiSlTequifemmt <^“^6 2). 

Thus if the requirement were as indicated hy the Cowgil] formula 
all should have remained well. Actually, however, 3 subjects 
developed clinieal manifestations of deficiency, whereas, during the 
same period, the other 3 subjects remained well. Those who 
developed evidence of deficiency had received, because of their small 
body weight, the smallest amounts of thiamine on the basis of the 
Cowgill formula. This suggests that body weight may be dispro- 
portionately represented in the formula, which therefore does not 
accurately predict the thiamine requirement of smaller individuals. 


Table 2. — Data Relative to Theobetical Requibement, Intake and Ubinaby 

Excbetion op Thiamine. 






licquirc- 










mcat by 



Tliiamine. 


Average 


Days 

Body 


Cowgill 

Daily 

, 



daily 


on 

ivciglit, 


formula. 

intake. 

Theoretical 



excretion, 

Sullied. 

did. 

pound®. 

Calorios. 

PR. 

BE. 

requirement. 

Weight. 

Calorie. 

bB- 

E. V.* 

C3 

108. S 

17.52 

39S 

204 

. 0,51 

1.88 

0.12 

21 

A. B.‘ 

37 

108.5 

1711 

398 

204 

0.51 

1,88 

0.12 

32 

U. A.* 

77 

202.3 

20S2 

825 

353 

0,43 

1.74 

0.17 

35 

M. H.t 

36 

95.5 

I60S 

380 

413 

1.09 

4 32 

0 25 

34 

A.T.f 

2S 

129.5 

1784 

503 

519 

1.03 

4.00 

0.28 

32 

i.c.t 

120 

127.5 

2049 

524 

574 

1,10 

4.50 

0,28 

42 

A.H.t 

36 

143.5 

1860 

610 

651 

1.07 

4.54 

0.35 

46 

J.Z.{ 

2S 

156.8 

2019 

646 

703 

1,09 

4,48 

0,35. 

58 

F.P.t 

36 

169.0 

1943 

715 

773 

].08 

4.58 

0.40 

60 


• Definite deficienci’. 

t Early deficiencj', except I. C. who dexdoped definite deficiency after infection, 
j No deficiency. 


Because of the limited number of subjects it is not possible to 
exclude altogether the possibility of a chance occurrence of defi- 
ciency in the smaller members of the group. Further experimenta- 
tion is therefore required to establish the part plajmd by body weight 
in determining the requirement for thiamine, but our observations 
strongly suggest that its influence is less important than implied 
in Cowgill’s formula. 

The absolute thiamine intake and the thiamine/calorie ratio were 
higher in all of our subjects without deficiency than in those who 
developed it, whereas no clear division between those with deficiency 
and those with no deficiency was apparent on the basis of the thia- 
mine/weight ratio. The minimal absolute thiamine intake com- 
patible with health was about 651 ng., and the thiamine/calorie 
ratio about 0.35. Which of these factors constitutes the better 
basis for the prediction of the normal requirement must be deter- 
mined by further clinical study. _ 

It should be pointed out that, with the exception of Subject 
these observations were made over a comparatively short period, 
and the minimal amounts of thiamine given above may be inade- 
quate for subsistence over a longer time. 
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Daily Variation in .Urinary Excretion, of Thiamine. The amount 
of thiamine excreted varied appreciably from d^ to day, inde- 
pendently of the urine volume. The absolute variation in thiamine 
excretion was approximately proportional to the magnitude of_ the 
intake (Table 3). The amount excreted for each subject remained 
within a characteristic range from the beginning to the end of ob- 
servation (Chart 1). Variations within this range were not asso- 
ciated with any obvious change in the subject’s condition. There 
was no change in output, for example, during menstruation. These 
facts suggest that the daily variations in excretion did not represmt 
true differences in utilization but were related to factors governing 
the absorption or excretion of the vitamin. 

Table 3.— Variation in Urinary Excretion or .Thiamine on a Constant Intake. 

Urinary thiamine. 


Subject. 

Daily intake, 

MS- 

Average 

daily 

output, 

ME. 

Standard 

deviation 

(ff). 

Coefficient 

of 

variation. § 

E. V.* . 

204 

21 

5.6 

26.6 

A. B.* . 

204 

32 

4,8 

15.0 

H. A.* . 

353 

\ 

33 

11.1 

33.5 

M. H.t 

413 

34 

9.6 

28.0 

A. T.t . 

519 

32 

7.3 

23.0 

I. c.t . 

574 

42 

11.7 

28.0 

A. H.t . 

651 

56 

15.0 

27.0 

J. z.t . 

703 

58 

16.2 

28.0 

F. P.t . 

773 

60 

24.6 

41.0 


* Definite deficiency. t Early deficiency except 1. C. (see text). 

{No deficiency 


§ Coefficient of variation = S tandard devia t ion X _100^ 

Mean 

Relation of Urinary Excretion to Body Weight and Caloric Intake. 
The output of thiamine varied directly with the intake and was 
independent of body weight in all of the subjects studied (Table 2). 
A striking illustration of this fact is provided by the 2 subjects who 
represented the extremes in body weight. Thus Subject R. A., 
lyeighing 202.3 pounds, who took a deficient diet, received an amount 
of thiamine comparable to that consumed by Subject M. H. who 
weighed 95.5 pounds. Both subjects excreted the same average 
daily quantity of thiamine. If body weight were a major factor in 
determining the output of thiamine the excretion in these 2 subjects 
should have differed widely. 

A further demonstration of the direct relationship between intake 
and output regardless of body weight is provided by statistical analy- 
sis of the urinary excretion figures of the group who received dailv 
amounts of thiamine just sufficient to meet their theoretical require- 
ment. In this group intake increased in proportion to both body 
weight and calories since it was determined on the basis of the Cow- 
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gill formula. Howe^•er, by means of the partial correlation tech- 
nique* it was possible to analyze these factors separately as a result 
of which a highly significant correlation was demonstrated between 
intake and output (Table 4), while no correlation could be demon- 
strated between output and body weight or caloric intake. 

Table 4.— Pabtial Cobbelatioks Bs-nvEEx Output or Thia.vj.ve a.vd Lvtake, 
Bodv Weight akd Calobies. 

ProbabUHy 

. Cocflicient of of chnnce 

Correlations. correlation (r).t correlation (P).t Correlation. 

Intake ^nth output, body weight 


constant 

Body weight with output, intake 

+0.921 

< 0.01 

Highly significant 

constant 

+ 0.250 

>0.50 

None 

Calories with output, intake 




constant 

+0.379 

> 0.10 

None 


Urinary Excrciion of Thiamine Diirmg Infection. Acute tonsillitis 
developed in 1 subject (1. C.) and was accompanied by a significant 
decrease in the average daily output of thiamine (Table 5). Fever 
was present for only 3 days at the outset, but evidence of infection 
persisted for a total of 15 days. The excretion of thiamine remained 


Table 5. — Ubimary Excretion of Thumine During iNFEunoN (Subject I. C.). 


Date. 


Average 

daily 

urinary 

thiamine. 


Si^ficance of the 
differences between 
averages 

1940-1941. 

Daj-s. 

ue- 

Clinical condition. 

(Pl.S 

11/ 5-12/15 

41 

(A) 50 

Normal 


12/1G-12/30 

15 

(B) 32 

Infection: no manifestations 
of deficiency 

(A) - (B) 
< 0.01 

12/31- 2/ 4 

36 

(C) 43 

No infection; early mani- 
festations of deficiency 

(B) - (C) 
< 0.01 


low during this entire period despite unchanged intake, but, coin- 
cident with recovery, returned to normal. These findings suggest 
that there may have existed dmring the illness increased utilization 
of thiamine, that this was not limited to the period of pjTexia and 
that it terminated with recover 3 ^ This subject developed clinical 
evidence of deficiency immediately following the period of infection 

* By utilizing the partial correlation technique: 

rn — rij X 

y 12.3 = - 7 == 

y/l — Thj ~ r-3 

it is possible to determine the relationship between two factors independently of the 
possible effect of variations in the third. 

t Correlations of 0.9 and above indicate a close correlation between two measure- 
ments. The highest possible correlation is 1.0. Correlations below 0.4 indicate verv 
little relationship. 

1 P = the probability that the obsen-ed difference might have occurred bj cnance. 
When P is 1.0 the difference is a purely chance affair. If P is 0.05 there are on j 
5 chances out of 100 that the difference could have occurred by chance. As tiie 
value of P decreases the likelihood increases that a difference in the obseired directw 
will be consistently found. 

§ For definition of P see Table 4. 
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making it appear probable that her intake of thiamine was barely 
adequate prior to infection and was rendered inadequate by the 
increased demand for thiamine during this period. 

Urinary Excretion of Thiamine in Relation to Clinical Deficiency. 
The 3 subjects who subsisted at approximately one-half of their 
theoretical requirement for thiamine first showed the characteristic 
manifestations of deficiency^-® on the 23d, 32d, and 41st day after 
beginning the diet. These signs slowly increased in severity until 
thiamine was administered. In none was the appearance or further 
development of clinical evidence of deficiency associated with altered 
output of thiamine (Table 6). Very soon after the diet was begun, 
the daily thiamine excretion in the urine reached a level and did not 
vary significantly therefore (Chart 1). 


Table 6.— Urinary Excretion op Thiamine Before and During Deficiency. 

Average daily urinary thiamine. 



Theoretical 

requirement 

Daily intake 

Before 

During early 

During 

definite 


for thiamine, 

of thiamine,* 

deficiency, 

deficiency, 

deficiency, 

Subject. 

I'g- 

MS- 

ms- 

ms- 

MS. 

R. A. . 

. . 825 

353 

35 

29 

37 

A. B. . 

. . 398 

204 

(23 days) 
32 

. (37 days) 

(17 days) 
31 

E. V.. . 

. . 398 ■ 

204 

(32 days) 
21 

21 

(G days) 
25 




(41 days) 

(15 days) 

(7 days) 


* Before beginning the deficient diet the intake of thiamine -was as follows; R. A. 
an average of 677 ng. daily for 11 days; A. B. 100 /jig. daily in addition to 204 /xg. 
of thiamine in the diet for 35 days; E. V. an average of 821 Rg. for 15 days. 



Thus the excretion of thiamine appears to be influenced main] 
bj factors which determine its concentration in blood and tissu( 
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(daily intake, infection, projiortiou of dietary elements'-) rather 
than by the altered function resulting from its reduction in the diet. 
In view of these facts it may he assumed that factors which lower 
the excretion of thiamine likewise result in reduction of the amount 
of thiamine available to the tissues and the amount in the urine, 
therefore, may be considered as an indication of the immediate avail- 
able supply of the vitamin. It cannot be said, however, that 
because the excretion of thiamine is reduced, altered function due 
to thiamine deficiency has resulted. For this reason the usefulness 
of the measurement of thiamine output in the urine as an indication 
of the presence or absence of deficiency appears to be limited. 

These observations also suggest that there had been very little 
storage of thiamine since no significant difference in the time of 
onset of clinical deficiency in the 3 subjects was observed although 
their previous intake of thiamine had been strikingly different 
(Table 6). Furthermore, if the thiamine in the deficient diet had 
been augmented by stores from the tissues, the e.xcretion in the 
early stages of deficiency should have exceeded that in the later 
period. 

Summary. 1. Six subjects, without previous evidence of defi- 
ciency, subsisted on a constant daily diet containing thiamine in 
amounts just sufficient to meet the theoretical requirement as cal- 
culated by the Cowgill formula. Three other subjects received the 
same diet in amounts which supplied approximately one-half of 
the theoretical requirement for this vitamin. 

2. Of the 6 subjects who received the theoretically required 
amount of thiamine, 3 developed deficiency and 3 did not. Those 
who developed deficiency were the smaller members of the group. 
Thus the Cowgill formula failed adequately to predict the normal 
requirement for thiamine, probably through too great emphasis on 
body weight. 

3. The minimal adequate intake of thiamine for this group was 
about 651 Mg- per day, the thiamine/calorie ratio about 0.35. 

4. The amount of thiamine in the urine varied from day to day, 
the absolute variation being approximately proportional to the mag- 
nitude of the intake. 

5. The output of thiamine in the urine was directly correlated 
with the intake. No relationship was demonstrated between the 
output of thiamine and body weight or calorie intake. _ 

6. The output of thiamine in the urine was lowered in 1 case^ m 
the presence of infection and returned to normal when the infection 

subsided. _ . 

7. The development of clinical deficiency did not alter the output 

of thiamine in the urine. 
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A COMPARISON OF THE BACTERIOSTATIC EFFECT OF THE 
SULFONAMIDE DRUGS UPON THE GROWTH OF 25 
STRAINS OF STREPTOCOCCUS VIRIDANS. 


By Mary A. Poston, M.A,, 

INSTRUCTOR IN BACTERIOLOGY, DUKE UNIVERSITY SCHOOL OF MEDICINE; ASSISTANT 

bacteriologist, duke hospital, 

AND 

Edward S. Orgain, M.D,, 

associate in medicine, duke university school of medicine; assistant physician, 
DUKE HOSPITAL, DURHAM, N. C. 

(From the Departments of Bacteriology and Medicine, Duke University School of 

Medicine and Duke Hospital.) 

In a previous communication, we reported a series of experiments 
showing the bacteriostatic effect in vitro of sulfanilamide and five of 
its related compountls upon various organisms isolated from human 
cases of bacterial endocarditis.® This series included 14 strains of 
Strep. ^ viridans. Little work has been reported demonstrating the 
effectiveness in vitro of the sulfonamide drugs upon this group of 
organisms. •3'® Since new compounds have become available, it 
seemed of sufficient importance to warrant a report of the results 
of experiments in vitro showing the inhibitoiy power of three new 
sulfonamide drugs, and four of the previous ones, upon the 14 strains 
formerl}^ used and an additional 11 strains of Strep, viridans. 


!^tenals and Methods. All of the strains of Strep, viridans were 
isolated from the blood of 25 patients who had had consistenth’- positive 
blood cultures. The clinical diagnosis of 20 of these patients was bacterial 
endocarditis, 2 patients had acute rheumatic fever, and there was 1 case 
each of rheumatoid arthritis, carcinoma of the stomach and Boeck’s sar- 
coid. ithm 48 hours after isolation, the organisms were hmphilized to 
preserve their original characteristics until tlie time of the’ experiment 

sulfapyridine, sulfathiazole, sodium 
sultatliiazole, sulfadiazine and sodium sulfadiazine were chosen for the 
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experiments. Because of differences in the solubilities’^ of these drugs in 
broth and because it was desired to use concentrations of drug comparable 
to the concentrations obtainable in the blood by therapeutic administration 
they were divided into two groups. Sulfanilamide and the sodium salts 
were tested in concentrations of 30, 25, 20, 15, 10 and 5 mg. per 100 cc 
The other dnigs were used in concentrations of 10, 7.5, 5 and 2.5 mg per 
100 cc. 

The concentrations of sulfanilamide and the sodium salts were prepared 
by suitable dilutions of a stock solution containing 0.1 % of the drug in 
beef infusion bacto-peptone (buffered) broth, pH 7.4. The stock solu- 
tions were sterilized by filtration through a Seitz filter pad and the con- 
centrations were checked bj’’ chemical determinations.f The other drugs 
were prepared from stock solutions containing 0.01 % of the drug in the 
same buffered broth. The*pH of the broth was checked after the drugs 
were added and again at tlie end of the experiment. There was no appre- 
ciable difference between the pH of the broth containing the sodium salts 
and that containing the other drugs. 

Five test tubes containing 10 cc. of each concentration of drug were 
inoculated with 0.1 cc. of a suspension of a 24-hour broth culture diluted 
to contain 1000 organisms per cc., making the concentration at the be^n- 
ning of the experiment 100 organisms per cc. Ten control tubes containing 
no drug were inoculated at the same time. Readings of tlie photronreflectr 
ometer (Libbj') were taken after 24 hours’ incubation. After the readings 
of the photronreflectometer were taken, 0.1 cc. amounts were transferred 
from the tubes showing no growth to tubes containing 10 cc. cooled molten 
agar to w’hich 1 cc. of sterile blood had been added and plates were poured. 
In every instance these plates were sterile. The results of the experiments 
are given in the tables. 

Discussion. The data in Table 1 show the great variation in the 
eflFectiveness m viiro of the sulfonamide drugs on a large number of 
strains of a single species of bacteria. Strep, viridans. Of a total of 
25 strains, the growth of 17 strains of Strep, viridans was inhibited 
by one or more drugs. In this series, the growth of 3 strains was 
inhibited significantly bj^ all seven drugs, in contrast to 7 strains 
whose growth was not inhibited by any of the drugs. The remaining 
14 strains showed considerable variation. The growth of 5 strains 
was inhibited by five drugs, 3 strains by four drugs, 2 strains by 
two drugs and the growth of 1 strain was inhibited by only one drug. 
With one exception (A. B.), no drug was bacteriostatic unless 
sodium sulfapyridine was effective also. This strain (A. B.) was 
isolated from a patient with bacterial endocarditis, who had been 
treated previously with sulfapyridine. 

The summarj’^ of the relative bacteriostatic effects of each of these 
drugs is given in Table 2. Sodiiun sulfapyridine exhibited the most 
marked effectiveness on the greatest number of strains. 

* The sodium salts were used so that higher concentrations of the drugs could he 
obtained. Since the same concentrations of drugs and their sodium salts were no 
comparable in their inhibiting effects, the data of experiments using both forms o 
the drugs are given in the tables. No explanation of the discrepancy can be given 
at the present time, although it has been noted in numerous experiments. 

f The determinations were performed by Miss Sara Bunch of the Department o 
Biochemistry, Duke Hospital, Durham, N. O. 
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Table 1.-Effectiveness of Vabioeb Sulfonamide Compounds on 

OF Strep. Viridans. 


strain. 

Sodium 

Bulfapyri- 

dine. 

Sulfanil- 

amide. 

Sulfapyri- 

dine. 

Sulfa-, 

Ihiazole. 

Sodium 

sulfathia- 

zolc. 

Sulfadia- 

zine. 

A. C. . 

. "h "h 

4-4- 

-f -p 

-f-h 

-t-4- 

+ + 

H. W. . 

. + + 

-f-f 

-f- 

4-4- 

4-4- 

+ + 

F. C. . 

-h + 

4-4- 

0 

■ 4- 

4- 4- 

0 

r\ 

L. C. . 

4- + 

4-4- 

4- 

0 

0 

0 

B. McG. 

+ 4" 

4-4- 

4- 

0 

0 

0 

0. C. . 

4" 4" 

4- 

0 

4- 

4-4- 

-f- 

N. S. . 

. 4-4- 

4- 

-p 

4- 

-h -h 

4- 

C. Y. . 

. 4-4- 

4- 

. 0 

0 

0 

0 

P. D. . 


0 

4- 

4- 

-f -f 

-f 

H. S. . 

-j- + 

0 

-1- 

4-4- 

-l- -h 

-h 

C. W. . 

. 4-4- 

0 

4- 

4- 

4-4- 

-f -t 

A.S. . 

"i- -t 

0 

-f- 

4- 

-f -P 

-f-i- 

J. C. . 

. + + 

0 

0 

0 

0 

0 

W. P. . 

. 4- 

4- 

-h 

4- 

4-4- 

0 

L. A. . 

. 4- 

4- 

0 

-t- 

-h 

0 

O.E. . 

4- 

4" 

0 

0 

0 

0 

A. B. . 

0 

0 

0 

4- 

-p 

4- 

S. W. . 

0 

0 

0 

0 

0 

0 

E. B. . 

0 

0 

0 

0 

0 

0 

W. F. . 

0 

0 

0 

0 

0 

0 

E. Me. 

0 

0 

0 

0 

0 

0 

D.B. . 

0 

0 

0 

0 

0 

0 

B. G. . 

0 

0 

0 

0 

0 

0 

E. 0. . 

0 

0 

0 

0 

0 

0 

J. B. , 

0 

0 

0 

0 

0 

0 


25 Strains 


Sodium 

sulfadia- 

zine. 

+ + 
+ + 

0 

0 

0 

+ + 
+ 

0 

++ 

++ 
+ + 

0 

0 

0 

0 

++ 

0 

0 

0 

0 

0 

0 

0 

0 


-j- = No growth in 24 hours in concentrations of 20 mg. per 100 cc. or less of 
sulfanilamide, sodium sulfapyridine, sodium sulfathiazole, sodium sulfadiazine and 
5 mg. per 100 cc. or less of the other drugs. 

•+• = No growth in 24 hours in concentrations of 25 or 30 mg. per 100 cc. of sulfan- 
ilamide, sodium sulfapyridine, sodium sulfathiazole, sodium sulfadiazine and 7.5 
or 10 mg. per 100 cc. of the other drugs. 

0 = No inhibition of growth in concentrations of the drugs used in the experiment . 


Table 2. — Effectiveness of Various Sulfonamide Compounds on 25 Strains 

OF Strep. Viridans. 

Inhibition of growth. 

. * . No inhibition 



Complete. 

Partial. 

Total. 

of growth. 

Drugs. 

No. 

%• 

No. 

%. 

No. 

%. 

No. 

%. 

Sodium sulfapyridine . 

13 

52 

3 

12 

16 

64 

9 

3G 

Sulfanilamide . 

G 

24 

9 

36 

15 

60 

10 

40 

Sodium sulfathiazole 

11 

44 

3 

12 

14 

56 

11 

44 

Sodium sulfadiazine 

8 

32 

4 

IG 

12 

48 

13 

52 

Sulfathiazole 

3 

12 

8 

32 

11 

44 

14 

56 

Sulfapyridine 

2 

S 

8 

32 

10 

40 

15 

60 

Sulfadiazine 

4 

16 

5 

20 

9 

36 

16 

64 

Complete inhibition of 

growth; 

No growth after 24 hours 

in concentrations 


20 mg. per 100 cc. or less of sulfanilamide, sodium sulfapyridine, sodium sulfathiazole, 
sodium sulfadiazine and 5 mg. per 100 cc. or less of the other drugs. 

^Partial inhibition of growth; No growth after 24 hours in concentrations of 
25 or 30 mg. per 100 cc. of sulfanilamide, sodium sulfapyridine, sodium sulfathiazole, 
sodium sulfadiazine and 7.5 or 10 mg. per 100 cc. of the other drugs, or some degree 
of inhibition in lower concentrations. 

No inhibition of growth : No inhibition of growth in any concentration of the drugs 
used in the experiment. 


Because^ of the great variation in the effectiveness in vitro of 
sulfanilamide and its related compounds on Strej). virulajis, it is 
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important to test tlie liacteriostatic effect in the test tube of the 
various sulfonamides on the organism before the institution of 
chemothcrajiy, in patients suffering from bacterial endocarditis. 
It has been shown that there is a definite correlation between the 
growth-inhibiting concentration in the test tube and the therapeutic 
effectiveness of comparable concentrations in the patient’s blood.'* 

If preliminary experiments in niro are impossible, these experi- 
ments would indicate that sodium sulfapyridine is the probable 
drug of choice, since it effectively inhibits the greatest number of 
strains. 

Conclusions. 1. The bacteriostatic effects of sulfanilamide, sulfa- 
pyridine, sodium sulfapyridine, sulfathiazole, sodium sulfathiazole, 
sulfadiazine and sodium sulfadiazine upon the growth of 25 strains 
of Sireji. viridmis, isolated from the blood of patients, have been 
studied. 

2. The results indicate not only a great variation in the effective- 
ness of these drugs against a large number of strains of a single 
species of bacteria, but also a great variation in the susceptibility of 
each strain to various drugs. 

3. In this series, sodium sulfapyridine exhibited the most marked 
effectiveness against the greatest number of strains. 

"We vrish to express our appreciation to Drs. D. T. Smith and D. S. Martin for 
their suggestions and help in the preparation of this paper, and to Lederle Labora- 
tories, Inc., New York, N. Y., for furnishing us with the sodium sulfathiazole, sulfa- 
diazine and sodium sulfadiazine used in these experiments. 
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AN EVALUATION OF lONTOPHOEESIS USING DIFFERENT 
VASODILATING DRUGS FOR TREATMENT OF 
RHEUMATOID ARTHRITIS. 

By Charley J. Smyth, M.D., 

ASI> 

R. H. Feetberg, M.D., 

ANX arbor, MICH. 

(From the Backham Arthritis Research Unit,* the Medical School, University of 

Michigan.) 

The treatment of arthritis by iontophoresis, or cataphoresis, is a 
comparatively recent therapeutic procedure whereby vasodilating 
drugs are introduced through the skin about the affected joints by 

* This unit is supported by the Horace H. Rackham School of Graduate Studies, 
of the University of Michigan. 
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means of galvanic current. Histamine and acetyl-^ methylclioline, 
chloride have been the drugs commonly used by iontophoresis in 
the treatment of rheumatic diseases. The rationale for their use 
is the relief of vascular spasm and the resultant decreased peripheral 
circulation, which some investigators consider to be important 
factors in initiating and maintaining chronic arthritis. This method 
of therapy has been steadily increasing in popularity and although 
opinions differ somewhat concerning its usefulness, there have been 
numerous reports of its advantages. With few exceptions 
previous studies have been uncontrolled, have lacked adequate 
classification of the diseases treated, and have been based upon short- 
term observations. The purpose of this investigation was to criti- 
cally evaluate iontophoresis, using different vasodilating drugs in 
the treatment of patients with rheumatoid arthritis. 

Methods. Twenty-eight patients, 15 males and 13 females, having 
characteristic rheumatoid arthritis as established by history, physical 
examination, roentgenograms and an elevated erythrocyte sedimentation 
rate, were selected for this study. In most cases, paired joints were affected 
to an equal degree. This allowed excellent control of this investigation; 
one of the pair of comparably diseased joints was treated with one vasodilat- 
ing drug while its mate was left untreated or was treated by another vaso- 
dilating drug or by another method of physical therapy. The duration of 
observation after completing the series of treatments averaged 9 months, 
in some cases it was as long as 22 months. A follow-up period of this length 
is adequate to indicate whether this form of therapy has more than tempo- 
rary effects. The duration of the disease and the activity of the inflamma- 
tion at the time of treatment varied considerably. No type of special 
therapy, such as gold salts, vaccines, sulphur or large doses of vitamin D, 
were given to these patients during the time that they were treated by 
iontophoresis. 

All treatments were given by the same technician using the same galvanic 
machine. _ Patients were placed in the recumbent position and protected 
from chilling and draft. The parts treated were shaved, if necessary, and 
then washed with soap and water. Usually two, occasionally three, and 
never more than four,, joints were treated at the same time. The joints 
were treated daily or on alternate days. In some cases a series of dailj’’ 
treatments were given and later, after an interval of 2 to 4 weeks, another 
similar series was given. 

Three different drugs were employed: acetyl-/3-methylcholine cliloride 
(mecholjd) 1:500 aqueous solution, histamine phosphate 1:1000 aqueous 
solution, and histamine dihydrochloride in an ointment base (imadyl 
unction*). When the solutions were used, fabricated asbestos pads were 
saturated with the drug and wrapped snugly about the joint, without the 
patient knowing which drug w^as being employed. The histamine unction 
was aiylied directly to the skin over the joint without rubbing and was 
covered by a saline moistened fabricated asbestos pad fitted closely to the 
skin. Outside of the asbestos pad a thin lead strip was wound and this 
was connected to the positive pole of the galvanic machine. The asbestos 
pad and the lead strip electrode w^ere held tightly in place by an -elastic 
bandage. The large negative dispersive electrode was placed under the 
buttocks. The duration of each treatment varied usually between 20 and 
30 minutes. The current was gradually increased until it reached a strength 


* vnciion contains acctyl-glycol-salicylic ester 5%, histamine dihvdrn- 

chloride 1%, methyl salicylate, menthol, and thj-mol in an ointment base. It was 
supplied throuRh the courtesy of Hoffmann La Roche, Inc., Nutley, N. J. 
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of 20 to 30 milliamperes and Avas then maintained at that level throughout 
the treatment. At the end of treatment, the current was slowly reduced. 

To 4 patients large doses of histaminase* were given orally throughout 
1 day preceding and 2 days during treatment with iontophoresis, using 
histamine phosphate as the dilating drug. Twenty-four 3-unit capsules 
ivere administered daily in three equally divided doses. This was done to 
determine whether the undesirable systemic effects of histamine (flushing, 
dizziness, headaches, and fullness in the head) could be inhibited or reduced 
bj' this enzjnne. 

Results. A total of 661 treatments were given; as many as 66 and 
as few as 5 treatments were given per patient — the average being 23. 
Fourteen of the 28 patients received 17 or more treatments. 

In order to analyze the results, the 28 patients were divided into 
three groups. In the first group (Table 1) results of iontophoresis 
treatment of comparably diseased joints using different vasodilating 
drugs are presented; in the second group (Table 2) the results of 
iontophoresis therapy to the same joints employing different vaso- 
dilating drugs are shown, and in the last group (Table 3) the results 
of iontophoresis therapj" are compared with the results of other 
physical therapy or the condition of untreated control joints. 

S 3 TOptomatic response following therapy’- has been analj^zed sepa- 
rate from the objective changes. Results have been classified as 
marked, moderate or slight improvement, no change, or worse. 

If only the subjectiA^e effects are considered, the majoritj’’ of 
patients treated with iontophoresis were significant!}’’ benefited. 
Of the 28 patients, 22 (79%) reported some degree of symptomatic 
benefit. Fourteen patients (50%) reported sj'mptomatic improve- 
ment of a moderate or marked degree. Six patients were either 
unimproved or worse. 

In sharp contrast to these subjectiA^e obserAmtions are the findings 
based on examination of the treated joints. Of the 28 patients, 
only 3 (11%) AA'ere found to be either slightly or moderately im- 
proved when critically examined during the follow-up period; in 
no instance Avas marked improA'ement noted, and 25 patients 
(89 %) were either unimproA^ed or worse. 

It should be emphasized that the duration of the subjective im- 
provement usually persisted for only 4 to 6 hours after each treat- 
ment. In only 3 cases (Nos. 8, 9 and 16) did the symptomatic 
improA’ement continue after the completion of the series of treat- 
ments. In Case 8, benefit lasted for 2 months, then all symptoms 
returned to the pretreatment level. In Case 9, all former symptoms 
returned 3 weeks after the last treatment. In Case 16, improve- 
ment continued for 5 months following the completion of the series 
of treatments, but the untreated comparably diseased joints of the 
opposite side improved to an equal degree, so that we feel certain 
that the reported benefit should be attributed to a spontaneous 
remission of the disease and not to the use of Amsodilating drugs 
administered by iontophoresis. 

* Histaminase (TorantU) was supplied through the courtesy of The ATinthrop 
Chemical Company, New York City. 
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We were unable to detect any difference in the degree of local 
erythema, sweating or increase in skin temperature produced by 
mecholyl, histamine phosphate, or histamine dihydrochloride 
(imadyl). However, wheal formation associated wdth pruritus -was 
ahvays observed when either histamine phosphate or histamine 
unction was used. The size and number of the patches of urti- 
caria were distinctly less after imadyl than after histamine phos- 


Tablb 2. — Results of Iontophoresis Treatment to the Same Joints Employing 

Different Vasodilating Drugs. 


Duration Activity 


Case 

-No. 

Age 

and 

sex. 

of 

disease 

(yrs.). 

of 

disease 

fgradel. 

Joints 

treated. 

Drugs 

used. 

No. of 
treatments, 
(total). 

Period of 
follow-up 
(mos.) 

Results of therapy. 

9 

32 

F 

5 

II 

Rt. elbow, 
wrist and 
foot 

Mecholyl 

Imadyl 

Mecholyl 

22 

4 

6 32 

9 

Subj.: si. red. in swelling 
and si. incr. in motion; 
incr. local heat persist- 
ed 3 hrs.; patient prof, 
mecholyl to imadyl. 


Obj.: si. incr. in motion; 


patient stated benefit 
lasted 3 wks. 


10 60 
M 


II 63 
M 


1 III 


10 I 


Rt. wrist 
and knee 


Lt. wrist \ 
Lt. ankle / 
Lt. knee \ 
Lt. ankle f 
Lt. knee 1 
Lt. ankle / 


Mecholyl 

Histamine 

phosphate 

Imadyl 

, 7 

4 

10 30 

17 

Subj.: mod. relief of pain 
lasting only 2 wks. 
after treat. 

Obj.: equal local effect 
with each drug. 


11 

1 

Subj.: mod. relief of pain 

Mecholyl 



and stiffness with each 




drug. si. more with 

Imadyl 

10 


mecholyl. 


Mecholyl 


12 

62 

M 

2 

II 

Both 

knees 

Histamine 

phosphate 

Imadyl 

7 

7 

13 

50 

6 

II 

Rt. knee, 

Mecholyl 

16 





wrist and 

Imadyl 

9 





band 








Mecholyl 

15 






Histamine 

G 


M lO 
F 


Rt. wrist 
and It. 
ankle 


phosphate 


Mecholyl 

Imadyl 

Histamine 

phosphate 


Both knees 


Mecholyl 

Imadyl 


20 

29 

2 51 


13 

15 28 


Obj.: si. red. in tender- 
ness and swelling in 
treated joints only. 

Subj.: Marked immed. 
relief of pain. 

Obj.: none. 

Subj.: mod. red. of pain 
with each drug: with 
imadyl, intense pruri- 
tus; histamine phosp. 
prod, intense general- 
ized flush and pruritus; 
patient pref. histamine 
phosphate. 

Obj.: none. 

Subj.: mecholyl and ima- 
dyl gave mod. temp, 
relief of pain of equal 
degree; patient unable 
to disting, bet. them. 

Obj.: with imadyl a bum 
was prod.: histamine 
phosp. prod, intense 
generalized flush. 

Subj.: si. red. in all symp. 
during treat, which 
persisted for 3 to 4 hrs. 
only. 

Obj.: none. 
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pliate solution, llie pruritus which followed histamine in either 
form was objectionable to most patients. Pruritus did not occur 
during or after treatment with mechol.vl. 

In none of the 4 patients (iVos. 2, 4, 13 and 14) to whom large 
doses of histaminase were given orally preceding and during treat- 
ment with histamine solution by iontophoresis, were the local effects 
of In’stamine altered. In 3 of these patients, general symptoms 
attributable to histamine (headache, substernal oppression, erj4h- 
ema and urticaria remote from site of iontophoresis) were not 
changed by histaminase; in 1 patient there was definite reduction in 
the severity and duration of these general effects of histamine. 

Chronic ulcers were produced over the joint treated (by arcing 
currents under the positive electrode) in 2 patients (Cases 2 and 
14). In each instance the drug used at the time was imadyl. 

In 15 patients in whom vasodilatation was produced by ionto- 
phoresis, other joints (usually comparably' diseased) were treated 
by another type of physical therapy: 12 by Roentgen irradiation, 
2 by whirlpool baths, and 1 by hot paraffin baths. Of the 12 
patients treated by both Roentgen irradiation and iontophoresis, 
7 reported the same effect after each method. For example, if 
there was no benefit from iontophoresis there was none from Roent- 
gen therapy; if slight or moderate improvement followed one, the 
other gave the same degree of improvement. Four patients of the 
12 treated by both of these methods reported slight or moderate 
benefit only after iontophoresis. There was improvement after 
Roentgen therapy with no benefit after iontophoresis in only 1 case. 
In the 2 patients in whom some joints were treated with iontopho- 
resis and others with whirlpool baths, both patients preferred the 
latter. The one patient treated first by iontophoresis and later by 
hot paraffin baths benefited only from the hot paraffin baths. In 
this case, however, only 5 iontophoresis treatments were given. 

Discussion. Appraisal of any new form of treatment, whether 
general or local, for rheumatoid arthritis is a most difficult problem 
and requires careful consideration of many factors. Spontaneous 
remissions are frequent and one should always be keen to recognize 
them whenever possible. For instance, in Case 16 only one of each 
pair of comparably diseased joints was treated by iontophoresis; 
the other was left untreated and thus served as a control. Study 
5 months after the series of treatments revealed that both treated 
and untreated joints were equally improved. Without such a con- 
trolled study, the improvement which occurred undoubtedly, during 
spontaneous remission, might have been erroneously attributed to 
iontophoresis therapy. 

In estimating the true value of a therapeutic agent m patients 
with rheumatoid arthritis, the psychologic effect must also be con- 
sidered. No other group of patients responds more favorably to 
attention, care, encouragement, and suggestion than do individuals 
afflicted with chronic arthritis. One could hardly devise a more 
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effective means of obtaining the maximum psychic stimulation than 
is offered by iontophoresis. Tlie patient is immediately impressed 
by the elaborate technical procedure and the highl.y detailed atten- 
tion of the trained operator. The galvanic machine buzzes and the 
skin is stimulated by the electric current. All of these factors may 
be, and frequently are, strong psychic stimuli and we feel that they 
have not been sufficiently considered by many others who reported 
so favorably concerning this method of therapy. 

If we judge solely on the basis of the symptomatic improvement 
dttring the period of treatment our results are encouraging. However, 
the lack of objective improvement and the practically universal 
recurrence of all symptoms to the pretreatment level soon after the 
completion of treatment, clearly indicates that iontophoresis afforded 
no lasting benefit to our patients. 

In the majority of cases where the results from vasodilating drugs 
administered by iontophoresis could be compared with the results 
following other local measures of physical therapy, no advantage 
with the former method of treatment was observed. We have 
found iontophoresis to be a reliable way of producing localized 
temporary increase in circulation, but it appears to have no impor- 
tant advantage over the less expensive and more accessible com- 
monly employed methods of physical therapy. It has the dis- 
advantages of being time-consuming, requiring a trained techni- 
cian and special equipment. Chronic skin ulcers occasionally occur 
under electrodes. Further, in this chronic disease, physical therapy 
must be continued for long periods of time and the cost of iontopho- 
resis seems prohibitive except for wealthy patients. 

Summary. Twenty-eight patients with rheumatoid arthritis have 
been treated under carefully controlled conditions using different 
vasodilating drugs administered by iontophoresis. Of the patients 
treated, 79% were partially relieved of their joint symptoms during 
and for a short time after the treatment. However, few. patients 
had significant Objective evidence of improvement attributable to 
iontophoresis. It serves as another reliable means of phj’’sical 
therapy but offers no important advantages over other commonly 
.employed methods. It has distinct disadvantages: it requires 
special equipment and a trained operator; and it is expensive. On 
tlie basis of our carefully controlled study, we believe that the dis- 
advantages attending this form of treatment, in comparison with 
the feAv real advantages, preclude its widespread employment. 
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I'uoM Cretin to Genius. By Dr. Serge Voronofp. Pp. 281. New 

York: Alliance Book Corporation, 1941. Price, S2.75. 

This book hy the widely known — many would say notorious — advocate 
of rejuvenation and gland grafting — from the scientific point of ■s’iew suffers 
from so manj^ basic disadvantages that it seems bound to do more harm 
tlian good. Unlikely and unwarrantable working hypotheses are presented, 
such as that spirit is matter itself, that thought is the projection of grains 
of thinking matter, that genius proceeds by inspiration from certain groups 
of cells distinct from those used for habitual thinldng (p. 12), and that 
these maj'’ surm've even in tlie cretin. Tin’s, by the tvay, is about the only 
appearance of the word cretin that the Remewer finds. “Can matter 
think” is posed as a problem, either the soul being accepted as entirelj^ 
distinct from mind; or mind, as an immaterial essence, not being a product 
of the cerebrum. To be sure, some entertaining examples of the precocity 
and struggles of genius, and of the creative process in action are given. 
For those scientifically minded, however, the book is a waste of time; 
others who are in danger of being misled by its non-constructive, dubious 
reasoning, should at least be vary of its unwelcome recklessness of enterprise. 

E. K. 


Pneumoconiosis (Silicosis). The Story of Dusty Lungs. A Preliminarj'- 
Report. By Levts Gregory Cole, M.D., Director of Silicotic Research, 
John B. Pierce Foundation, New York City, and Willlvm Gregory 
Cole, M.D., New York City. Pp. 21 ; illustrated. New York’: JohnB. 
Pierce Foundation, 1940. 

This monograph presents a summarj’- of the authors’ idews on silicosis 
as previouslj^ published in Radiology (33, 261, 1939) and the Journal of the 
American Medical Association (113, 1216, 1939). Reprints of these two 
articles are included in the book. The authors distinguish four t}'pes of 
silicosis; 1 , the diffuse perivascular-peribronchial-lymph node 43^16 of 
Fancoast; 2, the generally accepted nodular t 3 'pe; 3, a pockmarking t 3 TJe; 
and 4, acute silicosis. There is a discussion of the pathologic anatom 3 ' and 
roentgenology of these four 43^363 as well as of the social, economic and 
legislative problems involved. There are no illustrations, but reference is 
made to numerous Kodachrome photomicrograph, roentgenograms and 
microscopic sections which were available “to aU serious investigators of 
pathology” at the offices of the John B. Pierce Foundation, New York City. 
As to the question of compensation, the authors believe that Pancoast’s 
type was harmless and should not be “compensable”; the nodular type, 
which in the past was the only one recognized by the law, shoidd be com- 
pensatable onl 3 ' if there were d 3 "spnea or other clinical signs, or if it was 
complicated by tuberculosis; while the pockmarking and acute t}^es, which 
hitherto were unrecognized and not accepted as silicosis, are said to by all 
means to be compensatable. Though the monograph Jacks completeness 
(little attention is paid to the literature, there is no discussion of the chemical 
aspects, and a consideration of tuberculosis is left for a later pubhcation), 
nevertheless the Reidewer looks upon it as an interesting addition to the 
literature on silicosis. 
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Hippoceatic Medicine. Its Spirit and Method. By William Arthur 

Heidel. Pp. 149. New York; Columbia University Press, 1941. 

Price, $2.00. 

From this little book one may get a better comprehension of the back- 
ground and essence of Hippocratic medicine than from many a larger 
treatise. Prepared at the invitation of the Macy Foundation as a pre- 
liminary to a larger work on Greek science, this volume was fortunately 
completed just before the author’s untimely death._ Following a brief 
sketch of the remarkable beginnings of Greek science in the sixth and fifth 
centuries b.c., the author considers the science and the medicine of the 
Hippocratic period, choosing as an appropriate characterization of the 
Hippocratic Uterature, the casual remark in Epidemics I that there are 
three factors concerned in every case; the disease, the patient and the 
doctor. When one reflects that the Greeks did not practice either dissec- 
tion or the experimental method and had no numeral system conducive to 
quantitation, one must agree with the author as to the singular insight of 
the Hippocratics into medicine. It was best exhibited in their powers of 
observation and prognosis and their principles of treatment, which they 
modestly limited to preserving health or gently aiding the vis medicatrix 
naturx, ' E. K. 


Xanthoma and Other Dyslipoidoses. By Fred D. Weidman, M.D., 

L. Napoleon Boston, M.D., Joseph Stokes, Jr., M.D., Howard W. 

Schaffer, M.D.,_ Walter Freeman, M.D., and F. _W. Sunderman, 

M. D., Philadelphia. Pp. 195; illustrated. Philadelphia: University of 

Pennsylvania Press for the Authors, 1941. Price, $3.00. 

This volume is composed of papers on xanthoma and related disorders 
published during the past 17 years by Weidman and various associates. 
These studies have been integrated by an added short chapter on pathology, 
and by an index. The disconnectedness which might be expected in a 
volume of reprints is not apparent. Each paper in the present volume fits 
well into the composite which Weidman must have envisaged throughout 
his experimental and clinical observations. The senior author is well known 
as an outstanding dermatopathologist, and the book is especially informa- 
tive concerning the histopathology of xanthoma. The general medical im- 
plications of the lipoidoses are well covered, with the pos-sible exception of 
their relation to cardiovascular changes. No one can read this volume and 
still regard xanthoma as primarily a disease of the skin. In common with 
other authorities, Weidman objects to the term “xanthoma,” as it is not a 
neoplasm, and prefers “xanthosis.” Familiarity with these studies will 
be of value to the internist, and is an essential for the practitioner or student 
of dennatologjL It is Imped that the reception of this volume will stimu- 
late the author to_ further collections of studies of skin histopathology and 
continued emjdiasis on their importance in the interpretation of the general 
medical state of the patient. D, p_ 


The Furtherance of Medical Research. By Alan Gregg, M.D. 

Director for the Medical Sciences at the Rockefeller Foundation. Pp. i29! 

New Haven: Yale University Press, 1941. Price, $2.00, 

It is a trite but none the le.ss true observation that private foundations 
for prosecution and aid of scientific iin-estigation these days are workinc 
m difficult tunes with a jirospect of more difficulties stiU to come InvesU 
ment returns have dwindled, costs liave risen, government acthdties have 
widened, and unexpected emergencies have produced new urgent needs 
that necessarily hinder a progress that has been in some ways phenomenal 
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in tliis countiy in fclic near past. None knows these difficulties better than 
tlie heads of the great charitable foundations that have done so much to 
help the chronicallj’’ indigent educational schools and universities. 

It IS tlierefore peculiarly appropriate that the Director for the Medical 
Sciences at the Rockefeller Foundation should at this time discuss in this 
18th series of Terry Lectures liow universities and foundations should best 
plan to meet their responsibilities in furthering medical research. In the 
first lecture, the author defines medical research and considers its setting 
in modern society, its essential components, and some of its resources, 
achievements and handicaps. In the second he considers what the universi- 
ties and foundations have done and should do in the matter, calling attention 
to some of the pitfalls and the defective relationships between universities 
and foundations. Practical suggestions are offered for the organization of 
a foundation, its approach to the formation of a general polic}’’, the study of 
projects requesting aid, its reports and a verb. sap. as to what a foundation’s 
experience will probably be. In the last lecture, the medical research work- 
ers, "the most important and yet the most misunderstood factors in the 
furtherance of medical research” are considered. As one who constantly 
sets his face toward the unknown, the investigator must observe well— “be 
alert to revelations tliat nature maj' give him as she babbles”— or devise 
problems (i. c., questions "so posed as to have an answer yes or no”), be 
skillful in analyzing results, ingenious in overcoming obstacles, and shrewd 
in inferring underlying significances. 

These random examples should be sufficient to indicate the wealth of 
interest that this small iiook contains for research workers and university 
and foundation administrators, E, K. 


The ADn Who Lived for To.morrow. A Biography of William Hallock 

Park, AI.D. By Wade W. Oliatir. Pp. 507; 1 illustration. Neiv York: 

E. P. Dutton & Co., Inc., 1941. Price, S3.75. 

This is a sjnnpathetic stoi^" of the life of a tireless worker, who when 
receiiung an honorar 3 ^ degree was described by “Billy” Phelps as “the 
perfect type of scientist in the ser\nce of the State.” His major achieve- 
ments were so long and so closely connected with the New York City 
Department of Health that the neiv William Hallock Park Laboratory' was 
fittingly dedicated to him in the closing years of his life. Though his 
modest statement, “I have done nothing alone,” should not be taken too 
literally, he does stand out prominently-yat a time Avhen preA'entme medi- 
cine was achieving major progress in this country — as the administrator- 
investigator whose wise selection of assistants and support of timely prob- 
lems advanced public health far more than v'ould have been accomplished 
by his unaided efforts. The control of poliomyelitis, milk contamination, 
pneumonia, scarlet fever and numerous other contagious diseases ivas 
significantly furthered by him, in addition to his best-known achicA'cment, 
the perfection of diphtheria immunization. Those Avho wish to delve further 
into such matters will find much satisfaction in this weU-nritten study by a 
friend ivho is himself an excellent scientist. E. K. 


The Medical Clinics of North Ajibrica, Vol. 25, No. 6, November, 
1941. Military' Medicine. Pp, 417; 49 ilhistration-s. Philadelphia: 
W. B. Saunders Company, 1941. 

Following a graceful Foreword by Rear Admiral Iilcintire, Surgeon- 
General of the Nav'j', there are 18 exceUent presentations forming a Symipo- 
sium on Military' Medicine. The first concerns the part played by the 
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])liysician in Selective Service; the second Medical Organization in the Per- 
manent Camp and in the ]''ield. The remaining 16 cover a sjrecial ])hase 
of medicine— each written by an expert and presented with an eye to practi- 
cal military conditions. This is not an easy task, for it requires an intimate 
knowledge of both medical and military conditions. A guarantee of the 
success of this undertaking is found in the names of the authors; all but 3 of 
the 26 being officers in the Army or Navy. The Reviewer cannot list all of 
the authors or their topics, but he cannot resist mentioning Major-General 
Reynolds on Tuberculosis, Colonel Howe on Nutrition, and Major de Lori- 
mier on X-ray Examination of the Chest, whose contributions seem to rise 
even above the high level of the other articles. 

This symposium will prove of great value not only to medical officers but 
to 'physicians in civil practice. It could well be read by many others for 
the purpose of gaining an insight into the extent of .miliary medical prob- 
lems and the measures being taken to meet them. 0. P. 


Diseases of the Nervous System Described for Practitioners and Stu- 
dents. By F. M. R. Walshe, O.B.E., M.D., D.Sc., F.R.C.P. (Bond.), 
Hon. D.Sc. (Nat. Univ. Ireland), Physician-in-Charge of the Neurologi- 
cal Department, University College Hospital, London; Physician to the 
National Hospital for Nervous Diseases, Queen Square; Neurologist to 
the National Hospital for Tropical Diseases, London, and the Seamen’s 
Hospital, Greenwich. Pp. 325; 32 illustrations. Second edition. Balti- 
more; The Williams & Wilkins Company, 1941. Price, $4.50. 

In this small book the effort has been to select only such neurologic 
matter as shall best meet the needs of the medical student and general 
practitioner. Many extravagant terms employed by some professional 
neurologists have been avoided. Since it is denied that there js any practi- 
cable method of grouping nervous diseases, no such plan is attempted. 
The subject-matter is presented in two sections: a general statement of the 
principles of neurological diagnosis, with brief characteristic descriptions 
of symptom-complexes; and accounts of the commoner nervous diseases. 
Additions have been made to the sensory, visual and speech functions; 
also to intracranial tumors and pituitary diseases; with new chapters on 
acute infections, head and spinal injuries, and lesions of the spinal nerves. 
The presentation shows a dogmatic tendency which may lead to over- 
confidence with the inexperienced. [It is difficult to see how this and other 
obvious weaknesses can be avoided when such a large subject is presented 
in such small space.— Ed.] N. Y. 


Infant Nutrition.^ _A Textbook of Infant Feeding for Students and Prac- ■ 
titioners of Medicine. By William McKim Marriott, B.S., M.D. 
Late Professor of Pediatrics, Washington University School of Medicine’ 

1 hysician-m-Chief, St. Louis Children’s Hospital. Reidsed by P. c! 
Jeans, A.B., M.D., Professor of Pediatrics, College of Medicine, State 
University of Iowa, Iowa City. Pp. 475; 31 illustrations. Third Edi- 
tion. bt. Louis: The C. V. Mosby Company, 1941. Price, $5.50. 
This well-known and classic tex-t by the late Dr. Marriott has been 
liroiiglR completely up to date by Professor Jeans of the University of iL^a 
who brings to the task a rich_ experience and a stimulating youthful point of 
view. The book s purpose is “to summarize present-day knowledge con- 
cerning the nutritional requirements under normal and pathologic^TOndi- 

monlp ' " ^ thes^e reqTire- 
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In concise but coini)reliensivc fasliion its 32 chapters discuss tlie funda- 
ineutals of growtli, inetalrolism, food requirements, digestion, lireast and 
diets, and the common nutritional disorders, an under- 
standing of which inatters is essential to all pediatrists or practitioners who 
assume the resjionsibility for medical supervision of babies during their first 
year of life. The book’s style is simple and direct, the approach clinical, 
conservative and practical, and the mass of contained material enormous 
but thoughtfulIjMnterpreted. Recent advances in such fields of contempo- 
rary activity as intracellular metabolism and food technology, when perti- 
nent, are referred to, and some of Kornfeld’s data on height and weight in 
relation to age have been included in the form of verj’' practical charts. 
One notes with interest the admee to begin the feeding of purged fruits and 
vegetables before the introduction of cereals because of the higher content 
of thiamine and iron in the quantities usually recommended for infant 
feeding. 

The editors or authors have chosen to omit a bibliography, so that the 
student unfortunately receives no help in referring to original sources for 
critical analyses or more exhaustive reading. I. W. 


The Avitaminoses. The Chemical, Clinical and Pathological Aspects of 
the Vitamin Deficiencj'^ Diseases. By Walter H. Eddy, Ph.D., Profes- 
sor of Physiological Chemistry, Teachers College, Columbia University, 
etc., and Gilbert Dalldorf, M.D., Pathologist to the Grasslands and 
Northern Westchester Hospitals, Westchester County, N. Y, Pp. 519; 
28 illustrations and 40 plates. Second Edition. Baltimore: The 
Williams & Wilkins Company, 1941. Price, S4.50. 

In its second edition this book has been largely revTitten, and much pw 
material has been added. A new chapter on Vitamins and Cellular Oxida- 
tion has been inserted to meet the needs of readers whose academic chemis- 
trj'^ did not include present-day concepts of biologic oxidations, in which 
many of the vitamins have been shown to play a role. 

Two chapters are devoted to each Autamin, the first to discuss its nature 
and function, the second for a thorough renew of the specific deficiency 
sjmdrome, the latter including full discussion of the clinical aspects, morpho- 
logic changes and pathologic physiology. A bibliographj'^ is added to each 
chapter. 

Laboratory tests useful in diagnosis and treatment and tables of the vita- 
min content of foods are given. Unfortunately, the figures for vitamin 
values of foods are so presented that, except in the case of nicotinic acid, it 
is impossible to do more than determine the relative Autamin content of 
foods. In the light of the general excellence of the book, however, this 
omission, which a future edition can readily correct, is Amry slight. 

The illustrations are numerous and clear. E. W. 


Functional Pathology. By Leopold Lichtavitz, M.D., Chief of the 
Medical Division of. the Montefiore Hospital; Clinical Professor of 
Medicine, Columbia University. Pp. 567; 157 illustrations. New York: 
Grune & Stratton, Inc., 1941. Price, S8.75. 

Good books on functional pathology in English are more needed than are 
those stressing the structural aspects of the subject; hoAA'ever, Ave are now 
strengthened in our opinion that they should be written by qualified patnoi- 
orists rather than by clinicians. If, as the adA-ertisement of this booK 
states “a truly medical Auewpoint dominates,” and discussion is alAvays 
from a diagnostic and therapeutic standpoint,” then the book would b 
more accurately described by a different name. 
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Though the author has "not attempted to cover the entire field,” the 
28 chapters include a wide range— Endocrinology, Metabolism, Defense 
Mechanisms, Hypertension, Blood Diseases, Bright^s Disease, Hepatic 
Disorders. Topics are presented without much regard for logical sequence; 
the endocrines, for instance, are considered at some length in five different 
parts of the book. As the book is "deliberately ^vritten from a very personal 
viewpoint,” one need not be surprised at the dogmatic style, the preponder- 
ance of Teutonic references and points of -sdew, and the occasional neglect 
of some important Anglo-Saxon contributions. The book should be aj)- 
proached more as a thought stimulator than as a well balanced, authori- 
tative statement — but perhaps this was the author’s intention. 

Illustrations are few but adequate. The unpleasant odor of the coated 
paper will presumably soon disappear. The price seems unnecessarily 
high. E. K. 


X-RAY Therapy of Chronic Arthritis (Including the X-ray Diagnosis 
of the Disease). Preliminary Report Based on 100 Patients Treated at 
Quincy, Illinois. By Karl Goldhamer, M.C., Associate Roentgenolo- 
gist, St. Mary’s Hospital and Quincy X-ray and Radium Laboratories, 
etc. With a Foreword by Harold Swanbbrg, B.S., M.D., F.A.C.P., 
Roentgenologist, St. Mary’s and Blessing Hospitals. Pp. 131; 24 orig- 
inal illustrations by author, 2 roentgenograms and 4 tables. Quincy, 
Illinois; Radiologic Review Publishing Company, 1941. Price, S2.00. 
This monograph is replete with practical information concerning atrophic 
and hypertrophic arthritis. The author makes no attempt to discuss other 
forms of joint disease except when necessary in discussing the differential 
diagnosis. The first portion of the book outlines the pathologic and clinical 
aspects of chronic arthritis, little attention being given to the therapeutic 
aspects. The Roentgen findings are discussed in detail. Pencil sketches 
instead of roentgenograms are used as illustrations, but the effect is satis- 
factory as the drawings are unusually fine. Included in these illustrations 
are the characteristic findings of atrophic arthritis of joints, hypertrophic 
arthritis of joints, atrophic spondylitis and hypertrophic spondylitis. The 
remaining portions are concerned with Roentgen therapy. The author 
attempts to explain why irradiation is beneficial in chronic arthritis, and 
some facts and theories concerning the use of Roentgen rays in infections 
are re^dewed. 

Of 100 patients nith chronic arthritis, approximately 28% were clinically 
cured, marked improvement was obtained in 31%, slight improvement in 
, 29%. There were 12% failures. The general effects of irradiation were 
the relief of pain, tenderness and increased freedom of motion. 

The Roentgen technique is outlined in detail. The treatment method is 
practical and clearly defined. p, g 


The Medical Clinics of North America, Volume 26, No. 1 (Chicago 
Number, Janua^q 1942). Pp. 313; 45 illustrations. Philadelphia; 
W. B. Saunders Company, 1942. 

. This issue introduces a new format; The binding has attractive stamp- 
ing; the type is more easily read. Side headings set off in black-face type, 
make it convenient to pick out the part of any discussion one wishes to 


Tins number deals mostly with_ a sjunposium on the treatment of common 
skin diseases by a group of eminent dennatologists from Chicago The 
range of subjects covers nearly all the essentials, for the practitioner. For 
the most part, generally accepted modern -riewpoints are expressed; but 
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e arc hardlj' in accord with tiie recommended concurrent use of arsenicals 
am bismuth compound for treatment of early syphilis. Probably because 
ol limitation of space, certain subjects receive less attention than they 
deserve. As a whole, however, the presentations offer the practitioner a 
rapid authoritative review of practical dermatology. The volume also 
contains practical papers on various other aspects of medicine. 

H. B. 


A Handbook of Ocular Therapeutics. By Sanford R. Gifford, 
I\'I.A., M.D., F .A.C.S., Professor of Ophthalmolog 3 ’^, Northwestern Uni- 
vcTSity Medical School, Chicago; Attending Ophthalmologist, Passavant 
Hospital, Wesley Memorial Hospital, Cook County Hospital. Pp. 410; 
G9 illustrations. Philadelphia; Lea & Febiger, 1942. Price, S4.00. 

The popularity of this e-xcellent textbook is attested to by the fact that 
it has already gone througli three editions since 1937. There is perhaps 
no one better qualified tlian the author to write a book of practical treat- 
ment for the graduate student and practicing ophtiialmologist. The illus- 
trations are excellent. There is a useful bibliographj’' at the end of each 
section. F. A. 


Behind the Mask of Medicine. Miles Atkinson. Pp. 348. New 

York: Charles Scribner’s Sons, 1941. Price, 83.00. 

“Wht, he let mj'' father die m'thout telling him his heart trouble was 
serious.” “IWiy can’t they mercifully put mother to sleep, the wa)’^ the 
veterinarian did with our dog?” ” YTiy does he send me around to a lot of 
e.\’pensive consultants instead of giiing me some medicine?” “Why w'on’t 
Dr. Blaiik take me on as his patient just because he had been called in 
earlier as a consultant?” Covered by the mask of medicine, these are some 
of the questions which should make the medical man w’ant his patients to 
read this wise and instructive book. 

The author, now' for 6 j'ears a New' York Citj' practitioner, w'as a success- 
ful general surgeon, then otolaryngologist, in England. A member of the 
B. E. F. in 1914, a graduate of Barts, a surgeon in the Roj'al Nai'y in the 
last w'ar, he rose to distinction at home (Jacksonian Prize winner and Hun- 
terian Professor of Surgery in the Royal College of Surgeons). He combines 
to an unusual degree professional know'ledge with a broad, sane view' of the 
complexities of medicine’s relation to the public. Follow'ing 2 brief but 
w'ell-selected historical chapters on the peaks of medical progress, various 
medical customs are considered w'hich are generally misunderstood b}'_the 
laitj'. The proper use to be made of specialists and manj' consultations 
in obscure cases, the continuing central position of the family doctor, the 
objections to euthanasia, the logical basis for "profession etiquette” from 
the patient’s as well as the physician’s point of view', the far-reaching changes 
in medical economics produced by medical progress, W'hy the doctor’s bill 
is the last to be paid, the incubus of the oversized hospital, the socializing 
of medical practice— these are all problems of practical importance in the 
physician-patient relationsfiip that are elucidated in this valuable book. 


Source Book of Medical History. Compiled with Notes by Logan 
Clentdening, M.D., Professor of the History of Medicine, University of 
Kansas. Pp. 685. New York: Paul B. Hoeber, Inc., 1942. Price, 


Anyone who has ever brow’sed with an}' regularity through this depart- 
ment of our journal cannot help but have noticed the increasing number oi 
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“anthologies” recorded, and the favorable comment that they have aroused. 
The urge to go back to original descriptions— or to translations, as must 
unfortunately be the case in these uncultured days— has thus been con- 
siderably stimulated, to the reader’s profit and often to the advantage of 
medical publishing in saving the space of needless repetition. 

This latest compilation of the anthology type has the added recommenda- 
tion of having been prepared by one of the most experienced and distin- 
guished medical historians in this country, who is also a writer of unusual 
discrimination and expressiveness. Dr. Clendening gives us the most com- 
plete of any of these anthologies and has used an approach different from 
the usual one. Following a chronologic sequence, from the Egyptims to 
the 20th century, he presents excerpts from 148 of the rnost significant 
contributions to the progress of medicine in all its branches, including some 
selections from the lay literature of the period under consideration. One 
too seldom finds elsewhere that the portals of medical literature were passed 
iDy Aristophanes, the Arabian Nights, Chaucer, Moliere, Le Sage, Thack- 
eray, Dickens, and John BroAvn’s Rab. We not only read the actual words 
of Sydenham, let us say, in what Clendening has selected as his four most 
important contributions, but we also find concise introductory remarks on 
each subject with references for more extended reading. One misses selec- 
tions from the 20th century— perhaps the most important on an annual 
basis of any century in the history of medicine. ^ If limitations of space 
dictated their exclusion, a suggestion toward gilding the lily would be to 
give the reader a further profit from Dr. Clendening’s special knowledge by 
the addition in the next edition of an addendum of a short-title list of the 
most significant contributions in this century. E. K, 


Skin Grafting from a Personal and Experimental Viewpoint. By Earl 
Calvin Padgett, M.D,, F.A.C.S., Professor of Clinical Surgery, Uni- 
versity of Kansas School of Medicine, Kansas City. Pp. 149; 6^5 illustra- 
tions. Springfield, 111.: Charles C Thomas, 1942. Price, $4,50. 

For the last few years the name of Padgett has been associated in the 
minds of surgeons with skin grafting because of his ingenious and useful 
instrument, the Dermatone. It is not surprising that a surgeon interested 
enough in the problem of skin grafting to conceive such a device would 
have a wide experience in this field and be able to discuss critically the 
contributions of others. 

This excellent little book has only the defect of being too brief. One 
wishes that Doctor Padgett would include in his next edition more details 
of his technique, in addition to shoAving the final results, for then this might 
be more useful as a manual to surgeons. The volume, even as it is, will be 
very useful at a time when skin grafting may be an important problem in 
our armed forces and in the civilian population. 

I. R. 


Clinical Roentgenology of Pregnancy. By William Snow M.D 
Director of Radiologj^ Bronx Hospital; RoentgenoIogist-in-Charge 
Harlem H^pital, New York City. Pp. 178; 119 illustrations. Spring- 
field, 111.; Charles C Thomas, 1942. Price, $4.50. ^ 

This is a useful manual containing a summarj^ of presenGday radiologic 
practice m pregnancy, based on the author’s e.xtensive experience at two 
busy hospitals maintained by the City of New York. Illustrations are 
|) entiful and of good quality considering the technical difficulties involved 

V rhie Tthe booL "f ^ of pregnancy. Perhaps the chief 

Mrtue of the book is the fact that it brings under one cover the author’s 



598 


BOOK IlEVIEWS AND NOTICES 


various important contributions toward the interpretation of soft tissue 
stiadows m pregnancy, particularly in regard to pathology of the placenta. 

Another attractive feature, found in the last 60 pages, are carefully 
annotated case reports with roentgenograms. This allows the reader to 
trace the author s coniplete analysis of each case, step by step, even to 
verification of the various pehuc measurements. 

Although written as a working guide, there are a few sections of the 
book where the presentation of material seems unnecessarily confusing. 
This IS true in the first and third chapters which deal with pelvimetry and 
cephalometry. Here the author is not sufficiently critical in his sun^ey of 
the various metliods employed, and too detailed in the presentation of his 
own. 

One other criticism seems justified and that is the assumption, tacitly 
made, that the roentgen examination often determines whether Cesarean 
section i.s necessarj'. The author with his wide experience may be correct 
in manj' case.? where he advises section. Nevertheless, it is highly fallacious 
and even dangerous for men new in this field to attempt to draw any such 
sweeping conclusions from the roentgen examination; inasmuch as absolute 
bony d3’’stocia as shown in the roentgenogram occurs in about 1 in 250 
patients with borderline peh'es by physical examination. 

R. B. 




NEW BOOKS. 


Nasal Simms. An Anatomic and Clinical Consideration, By 0. E. 
VanAlyea, M.D., Assistant Professor, Department of Laryngology, 
Rhinology, and Otology, University of Illinois College of Medicine, 
Chicago. Pp. 262; 82 illustrations. Baltimore: The Williams & 
Wilkins Company, 1942. Price, S6.50. 

Diabetes Mellilm. By Zolton T. Wibtschafter, M.D., Clinician in 
Charge, Clinic for Diabetes, Department of Medicine, Mount Sinai, 
Cleveland; Visiting Physician, Department of Medicine, Cleveland City 
Hospital, etc., and Mobton Korenbbhg, M.D., Medical Resident, 

■ Jenish General Hospital, Montreal. Pp. 186; illustrated. Baltimore: 

The Wilfiams & Wilinns Company, 1942, Price, S2.50. 

Psychiatry in Medical Edncalion. By Fhanklin G. Ebaugh, M.D., Pro- 
fessor of Psjmhiatry, University of Colorado School of Medicine; Director, 
Colorado Psychopathic Hospital and Dmsion of Psychiatric Education, 
National Committee for Mental Hj'-giene, and Charles A. Rymer, M.D., 
Associate Professor of Psychiatrj^, University of Colorado School of Medi- 
cine; Assistant Director, Colorado Psychopathic Hospital. Pp. 619; illus- 
trated. jNew York: The Commonwealth Fund, 1942. Price, S3.50. 


Anoxia. Its Effect on the Body, By Edward J. Van Liere, Ph.D., M.D. 
Pp. 269; 17 illustrations, Chicago; The University of Chicago Press, 
1942. Price, S3.00. 

Diseases of Metabolism. Detailed Methods of Diagnosis and Treatment. 
A Text for the Practitioner. Edited by GARFiBLn G. Dtocan, M.D., 
Chief of Medical Service “B", Pennsylvania Hospital; Associate Pro- 
fessor of Medicine, Jefferson Medical College, Philadelphia. _ Fifteen 
Contributors. Pp. 985; 158 illustrations including 7 plates m color. 
Philadelphia: W. B. Saunders Company, 1942. Pnee, 812.00. 

Skin Grafting from a Personal and E-xperimental Vien-paint. By E.\rl 
CaSS pLo^tt, M.D., F.A.C.S., Professor of Clinical Surge^ Um- 
versity of Kansas School of Medicine, Kansas City, Kansas. _ ’ 

Stotions. Springfield, 111.: Charles C Thomas, 1942. Price, S4.o0. 
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Roe 7 itgen Ti'ealment of Infections. By James F. Kelly, F.A.C.R., 

Professor and Director of the Department of Radiology, Creighton Uni- 
versity School of Medicine; Attending Radiologist, Creighton M^orial, 
St. Joseph’s, St. Catharine’s and Douglas County Hospitals, Omaha, 
and Mercy Hospital, Council Bluffs. With the Collaboration of D. 
Arnold Dowell, M.D., Assistant Professor of Radiology, Creighton 
University School of Medicine, etc. Pp. 432; 122 illustrations. Chicago; 
The Year Book Publishers, Inc., 1942. Price, S6.00. 

Methods of Treatment in Postencephalitic Parkinsonisin. By Henry D. 
VON WiTZLEBEN, Elgin State Hospital, Elgin, Illinois. Preface by Theo- 
dore J. C. VON Storch, Associate Professor of Neurologj'', Albany Medi- 
cal College; Attending Neurologist, Albany Hospital. Pp. 164. New 
York; Grune & Stratton, 1942. Price, $2.75. 

Modern Bread from the Viewpoint of Nutrition. By_ Henry C. Sherman 
and Constance S. Pearson, Columbia University. Pp. 118. New 
York; The Macmillan Company, 1942. Price, $1.75. 

The Eclipse of a Mind. By Alonzo Graves. Pp. 722. New York; The 
Medical Journal Press, 1942. Price not given. 

Conceptional Thinking in Schizophrenia. (Nervous and Mental Disease 
Monographs, No. 67.) By Eugenia Hanfmann, Ph.D., Instructor of 
Psychology, Mount Holyoke College, and Jacob Kasanin, M.D.^., Chief, 
Psychiatric Service, Mount Zion Hospital, San Francisco; Assistant 
Clinical Professor of Psychiatry, University of California Medical School. 
Pp. 115. New York; Nervous and Mental Disease Monographs, 1942. 
Price, $2.50. 

The Diseases of the Basal Ganglia. (Proceedings of the Association Decem- 
ber 20 and 21, 1940, New York.) (Vol. XXI of Research Publications 
Association for Research in Nervous and Mental Disease.) Pp. 719; 
268 illustrations. Baltimore; The Williams & Wilkins Company, 1942. 
Price, $10.00. 

The Treatment of Burns. By Henry N. Harkins, M.S., M.D., Ph.D., 
F.A.C.S., Associate Surgeon, Henry Ford Hospital, Detroit; Formerly 
Instructor in Surgery, University of Chicago, etc. Pp. 457; 120 illus- 
trations, 16 charts and 40 tables. Springfield, 111.; Charles C Thomas, 
1942. Price, $6.50. 


From Infanaj Through Childhood. By Louis W. Sauer, M.D., Ph.D., 
Assistant Professor of Pediatrics, Northwestern University Medical 
School, Chicago; Physician, Evanston Hospital, Evanston, etc. Pp. 200; 
13 illustrations. New York; Harper & Bros., 1942. Price, $2.00. 
Industrial Surgery. Principles, Problems and Practice. By Willis W. 
LasheR’ M.D., F.A.C.S., Assistant Professor of Traumatic Surgery, New 
York Post-Graduate Medical School, Columbia University; Assistant 
Attending Surgeon, New York Post-Graduate Hospital, etc. With a 
Foreword by Charles Gordon Heyd, M.D., Past President, American 
Medical Association. Pp. 472; 193 illustrations. Enlarged First Edi- 
tion. New York; Paul B. Hoeber, Inc., 1942. Price, $6.50. 


NEW EDITIONS. 

Tcxtb^k of Embryology. By Harvey Ernest Jordan, M.A. PhD 
Sc.D., Professor of Anatomy and Director of the Anatomical Labora’tor- 
les. University of Virginia, and James Ernest Kindred. M A Ph D 
Professor of Anatomy, University of Virginia. Pp. 613; 470 ’illustra- 

D.Appleton-Century 
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THE PRESENT ROLE OF VITAMINS IN OTOLARYNGOLOGY. 

At first glance it may seem hardly necessary in a current re\aew of 
the present r61e of Yutamins in otolaryngology to preface a specific 
discussion with a general statement on vitamins. However, it is 
because the literature is filled with pros and cons— indeed, in some 
quarters the Y'erbal shot-and-shell is dipped in vitriol — that, with 
apologies, we quote Camp^ at length. “ Little did Casimir Funk rea- 
lize,” Yvrites Camp, ‘Svhen he coined the word ‘ Vitamine’ that he was 
furnishing the catchword for a S100,000,000’business. Probably nothing 
medical has captured the imagination of the public so thoroughly as 
the vitamin deficiency question. Only in part is this due to advertising; 
a good share of the fault rests with the medical profession which has 
indiscriminately prescribed vitamin capsules, tablets, eli.xirs, etc., on 
the theory that some good might be obtained, that no harm can result, 
and that since all is not knowm about vitamins, there may be some 
hidden elixir of health, some spark of prolonged life, some all-powerful 
corrective enclosed in the gelatin seal or compressed tablet. In com- 
parison, one should not smile at the theriacs and treacles of antiquity 
until one has thoroughly enjoyed the potpourri of the modern vitamin 
capsule.” 

“Ironically, the greatest trade in vitamins is in communities ivhere 
there is sufficient money to provide adequate diet. A person unable 
financially to provide a balanced diet cannot afford to buy the expensive 
Yutamin products. The self-conviction that one is vftamin-deficien 
is almost of paranoid quality; the premise is false, blit the results are 
satisfying. Vitamins are a necessity. No one can doubt that living 
organisms require these substances, but their use should be, and m 
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these times must be, limited to those individuals who actually require 
them. A priority on ^^tamins Avould do much to settle the embarrass- 
ing problem of inadequate supply when there is sufficient for all who - 
need them. There are three classes of people who actually require 
vitamin therapy; those who have insufficient intake; those who do not 
absorb them; and those in whom the agent is apparently ineffectu’e 
when absorbed in ordinary amounts.” 

“Insufficient intake may lie one of two types. A diet by necessity 
may be so restricted and limited, either due to poverty or disease, that 
it is unbalanced. In this sense there may also be deficiency in fats, 
carbohydrates, proteins or minerals. Secondly, an individual who is 
comparatively healthy and financially able may develop an inadequate 
diet through individual dislikes to foods, the variety of foods becoming 
more and more restricted until insufficient vitamins are ingested. This 
condition is most efficiently and economically corrected by the eating 
of balanced diets. Naturally, patients on necessarily limited diets 
must have vitamins added. The eradication of poverty is progressing 
at a rate consistent with our way of life, and the dietary needs of vita- 
mins is being considered seriously (fortified bread). There is a group 
of individuals, apparently normal in all respects, who do not have the 
ability to absorb vitamins when taken in ordinary amounts. If more 
vitamins are taken, according to the law of mass action, more vitamins 
are absorbed, and in this way a deficiency may be prevented. A sub- 
group, large in proportions, is composed of those individuals who prevent 
absorption by taking cathartics. The more active cathartics eliminate 
the vitamins, and the oily types (c, g., liquid petrolatum) are apt to 
dissolve the fat-soluble vitamins (A, D, K, F) and thus prevent their • 
absorption. In the last group are those individuals who, in reality, are 
not suffering from a lack of vitamins, but rather a disturbance in their 
internal metabolism. In these the possibility of mass action from addi- 
tional intake may help to correct the deficiency.” 

“The statement is too often made that vitamins are harmless. We 
know that in large amounts they are toxic; however, it is quite difficult 
to say just what amount may be toxic. Certainly idiosjmcrasies exist; 
therefore, one would think that a toxic action is not beyond plausibility. 
Tlie possibility exists that the persistent absorption of large quantities 
of vitamins may so alter cellular metabolism that a higher concentration 
of vitamins may become a necessity in order to effect a normal intake. 
The fact that such small quantities are necessary leads one tt> conclude 
that these substances are highly active and should not be treated as 
indifferent harmless substances. They should be used only when actu- 
ally needed, and not allowed to become a passing fancy (or placebo) for 
the majority of the people.” 

In a lengthy review of the relationship of vitamins to ear, nose and 
throat, Jones® summarizes the knowledge available for use in clinical 
practice. He believes that it is very simple to deduce a deficiency in 
either vitamin A or vitamin C when the patient clearb^ shows evidence 
of either xerophthalmia or scurvy. The major difficulty involves those 
patients who have only a moderate deficiency or a mild deficiency, for 
here it is often exceedingly difficult to make a diagnosis of a lack of’ one 
or more ^^tamms. Of course, the entire matter could be greatly simnli- 
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fied by the discovery of simple, ficcurate methods for the determination 
of moderate or mild vitamin deficiencies. Though certain laboratories 
are now available, but few clinical laboratories throughout the country 
are equipped to make the present tests. Thus far, it would appear, 
the most funetional method for physicians to employ' is a careful inquiry 
into the diet of the patient, Jones believes that each vitamin has a 
preponderant effect on the special structures derived from the ecto- 
derm, mesoderm and entoderm. A deficiency is rarely limited to but 
one vitamin. Tliere can be no cure when there is no deficiency. Unless 
the tissues are actually destroyed, a deficiency state can be cured. 
One should not e.vpect to improve Jiearing by regeneration of the eighth 
nerve unless the sensory apparatus in the internal ear is viable. In 
general, treatment should not be limited to vitamin therapy, but food 
should be given which pro\ddes an abundance not only of any one 
vitamin but of others as well. A vitamin is not a drug. Vitamin re- 
quirements of individuals vary greatly: some are unable to absorb 
vitamins, others cannot retain and utilize them. There are compli- 
cating factors as to dosage. Exercise increases the need for vitamins. 
While alcohol supplies calories to the body it contains no xntamins, 
A chronic alcoholic may therefore exhibit a desperate need for a large 
vitamin intake. Natural foods are rich in calories, minerals and M'ta- 
mins but in refining and preparing these foods a considerable part of 
the vitamin content is lost. Though the caloric intake of an indi^ddual 
is often adequate, the vitamin intake is not. Generally, Autamin 
therapy should be continued over an .appreciable length of time. 

Wallner^® reviews the clinical aspects of vitamin deficiency in ear, 
nose and throat and asserts that there is no special characteristic of 
infections involving these regions that identify it as due to lack of 
Autamin A. At the present time there exists no simple method for 
determining the presence of Autamin A deficiency. Blood IcA^el deter- 
minations or dark adaptation tests are not practical for routine office 
or clinic use. The administration of A'itamin A to persons already 
receiAung an adequate intake in the diet does not lessen susceptibilitj’- 
to colds. It ma^' shorten their duration or lessen their seA^erity. The 
term anti-infectiAm vitamin is not justified. The status of AUtamins Bi 
and B complex is summarized as follows: There is no disease syndrome 
in the ear, nose and throat characteristic of A'itamin B deficienc3^ It 
may be used empirically in nerA'e deafness, Meniere’s disease, and in 
the troublesome and baffling neuralgias about the sinuses, throat and 
head. With the exception of scurvy, there are no characteristic condi- 
tions in these regions typical of AUtamin C deficiency. Clinically, there 
is no evidence that a lack of Autamin D is a causatiA^e factor in oto- 
sclerosis or that its administration influences its progress. 

According to Spiesman,'® Autamins A and D in massiA'^e doses for the 
treatment of the common cold do not produce immunity when given 
separately. When massiA^e doses of A-itamins A and £) were given 
together, 80% of the subjects shoAved a significant reduction in both the 
number and the seA^erity of common colds. The number of colds per 
year dropped to 3, and the average duration was 5 days, AA'ith but little 
eleA'ation in temperature. It must not be assumed that die use of 
Autamins in the treatment of the common infectious cold is offered as a 
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panacea for colds. Average susceptibility must be taken seriously into 
account, as well as the emotional state of the subject as affected by an 
innately unstable vasomotor mechanism. Eeviewing 1590 cases of 
diphtheria which were observed during 1936 and 1937, Feige found 
100 cases in which postdiphtheritic paralysis developed. Of the 
60 patients in whom the entire course of the postdiphtheritic paralysis 
could be observed, 30 were treated vith a preparation of vitamin Bi 
and 30 either received no treatment for the paralytic symptoms or were 
treated with other medicaments. A comparison of these two groups of 
patients revealed that in those who were treated %vith vitamin Bi the 
paralytic symptoms persisted on the average for 29.6 days whereas in 
the other group they persisted on the average for 49 days. Vitamin Bi 
was administered by mouth and by intramuscular injection on alternate 
days. On one day the children were given 3 tablets containing 1 mg. 
each of the vitamin; on the following day they were given an intra- 
muscular injection of 1 cc. of a vitamin Bi preparation. In discussing 
the pathogenesis of postdiphtheritic paralysis Feige cites observations 
of several investigators and suggests that these postdiphtheritic par- 
alytic symptoms are the result of the concurrence of toxic impairment 
of the tissues and lack of the Bi substance, which has a ferment-like 
action. He thinks that this explains at the same time the success of 
the treatment with vitamin Bj. Stinson^'' declares that the primary 
obstructive factor in cardiospasm is the lack of propulsive force in the 
falls of the esophagus rather than obstruction at the cardia. Mosher's 
intrinsic findings can be the result of stasis in the esophagus and his 
extrinsic findings, the result of vitamin Bi deficiency, rather than the 
primary cause of cardiospasm. Cardiospasm is frequently a manifes- 
tation of avitaminosis Bi. Vitamin Bi given intramuscularly will 
relieve an attack of cardiospasm in many instances. Continued ad- 
ministration of vitamin Bi will prevent recurrence of attacks of cardio- 
spasm in these cases. 

It is in the field of otology, that vitamin research has attracted most 
interest. To determine the pathologic changes in the peripheral audi- 
tory mechanism due to avitaminoses, deficiency experiments on rats 
were done by Coveil.® Vitamin A deficiency was found associated 
with middle ear infections, increase in the periosteal layer of the otic 
capsule and occasionally exostoses in the internal auditory canal, 
degeneration of the cells of the stria vascularis, external sulcus cells 
and parts of the organ of Corti, with slight to moderate demyelinization 
of the cochlear nerve. There is a higher incidence of middle ear infec- 
tions in animals when vitamin B and various factors of the B complex 
are lacking in the diet. Avitaminoses of the B group cause no signifi- 
cant changes in the bone of the otic capsule or ossicular chain. How- 
ever, spiral ganglion cells are altered in appearance in all avitaminoses 
of the B group and degenerative changes are found in the external hair 
cells of riboflavin-deficient animals. It appears that the three most 
important ^dtamins for the maintenance of the myelin sheath of the 
cochlear nerve are the B vitamins, thiamin chloride and riboflavin 
Vitamin C-deficient guinea pigs display hemorrhage into the lining of 
the middle ear cavity, with an increase in the thickness of the sub- 
mucosa. Only slight demyelinization of the cochlear nerve is produced 
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4 ho cells of the organ of Corti and some of the cells of the stria vascu- 
laris become swollen and degenerated. A chronic deficiency of vita- 
min_ C may produce more extensive changes, particularly in the ossicu- 
lar joints and the bone of the capsule. Rats, it is found, frequently 
have infections of the middle ear when they are deficient in vitamin D. 
Here, demyelinization of the cochlear nerve occurs. Third generation 
rats on a low diet of vitamin E also show middle ear infections. Con- 
siderable fibrous tissue replacement of the muscle bundles takes place 
in the muscles of the middle ear, particularly the tensor tympani. 
Hemorrhages about the nerve in the modiolus and under the dura and 
submucosa of the middle ear occur in these animals. Locy® has studied 
the changes in the labyrinth capsule, occurring as a result of experi- 
mental avitaminoses A, C, D and E, in the serial sections of 56 petrous 
Ijones of rats and guinea pigs. The earliest noticeable effects produced 
by avitaminosis A are small hemorrhages, followed by inflammatory 
and metaplastic changes in the mucous membrane of the middle ear. 
With the maintenance of a vitamin A deficiency over a period of 
several weeks, regular layers of new bone are formed by the periosteal 
capsule. In a few cases, small degenerative changes are detected in 
the auditory nerve. In a\dtaminosis C, hemorrhages also occur at 
first, and gradually the cellular marrow of the periosteal layer is trans- 
formed into fibrous marrow, with alterations or disappearance of osteo- 
blasts. Consequently, there is a diminution of bony material. Bone 
changes take place in the periosteal layer. A^^taminosis D is charac- 
terized by deposition of osteoid tissue in the rarefied mature bone, and 
these changes are discerned in the periosteal and the enchondral cap- 
sule, while the endosteal layer is spared. Prior to the bone changes, 
suppuration of the middle ear was invariably found. In avitaminosis E, 
there is an irregular, localized new formation of mature bone ■wdth 
numerous, small exostoses in the region of the periosteal and the end- 
osteal layers, while the enchondral layer remains unchanged. As 
accompanying features, suppuration of the middle ear and hemorrhages 
in the brain tissue were observed. Mellanby’^ reports his continued 
investigations in e.xperimental deafness. He examined a total of 
51 labjTinths from 44 dogs placed on a diet deficient in vitamin A for a 
period of from 2 to 4 months. He finds that the most obvious patho- 
logic changes in the labyrinths are: nerve degeneration, especially of 
the cochlear neurons; new bony growths in the modiolus; overgrowth 
of the internal periosteal layer of the capsule; serous labyrinthitis; and 
degenerative changes of the organ of Corti and sensory epithelium of 
the semicircular canals. Perlman and Willard^® observed that young 
rabbits raised on a diet depleted of vitamin A develop extensive hyper- 
trophy of the periosteal layer of the otic capsule on the cranial aspect, 
including internal acoustic meatus, posterior fossa surface and mouth 
of the flocculus. The overgrowth of mature lamellar periosteal bone 
in the internal acoustic meatus results in narrowing and elongation 
of the internal acoustic meatus with compression and stretching of the 
nerve fibers and Scarpa’s ganglion in the meatus. In spite of this com- 
pression and stretching good cochlear function was retained. This 
was demonstrated by threshold studies on the acoustic middle ear 
muscle reflex. The compression and stretching of the nerve resulted 
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in various degrees of degenerative changes in some of the cells in the 
vestibular and cochlear ganglion, and in one case degeneration of t e 
peripheral fibers to part of the basal coil. There was no evidence ot 
serous labyrinthitis or of degeneration of Corti s organ, the vestibular 
end organs or the stria vascularis. The structures of the middle ear 
including the adjacent labyrinth bone were unaffected. 

The possibilities of vitamin C management in cases of inner ear 
deafness and tinnitus are advanced by Szolnoky^® who observed 50 cases 
of different cochlear disturbances. In individuals with chronic catarrh 
of the middle ear and otoselerosis, injections of vitamin C diminished 
the tinnitus. The improvement seen in cases of arteriosclerosis of the 
inner ear was due, this author asserts, to the general increase of metab- 
olism. Tivo injections of vitamin C were administered weekly for 
4 weeks along with a diet containing lemon. Improvement of hearing 
was present in 50% of the series of cases together with a decrease of 
tinnitus and blood pressure. In diseussing the possibilities of vita- 
min C therapy in inner ear deafness and tinnitus, Baer' warns against 
drawing definite conclusions from Szolnoky’s cases because the original 
diagnosis of arteriosclerosis was not clearly defined. However, he 
agrees that ascorbic acid often causes a disappearance of tinnitus, 
particularly when vitamin C is emplo 3 ’^ed in combination with vita- 
min Bi. Brandenburg^ describes a case of severe bilateral tinnitus and 
impairment of hearing following extensive radiation therapy for car- 
cinoma of the cer^^x uteri in which relief was obtained by daily intra- 
venous injection of thiamin chloride in 10 and 15 mg. doses for 9 days. 
Intravenous administration of thiamin chloride in one or more daily 
doses of 10 mg. for all neuropathies of the cranial nerves is suggested. 
The nature of vitamin B and its components with special reference to 
nerve deafness is studied by Veasey'® who finds it has been impossible 
to formulate a definite clinical syndrome for mild vitamin B deficiency. 
A review of his own cases of deafness treated by vitamin B suggests 
there is a possibility of helping some individuals by this means, but at 
the present time there are no means of selecting the patients who maj’^ 
be improved. Langenbeck® reports the complicated case of a child 
with bilateral otitis media who had undergone several operations on 
both ears because of recurrent attacks of otogenous meningitis but who 
finallj’^ recovered. He states that other factors beside the use of sulfan- 
ilamide and apical drainage plaj^ed a major part in the recoverj'^ and 
points to the use of Autamin C which was administered by mouth. To 
stud.y the relation of vitamin C to the mucosa of the middle ear Chimani^ 
e.xamined 18 patients with chronic suppurative otitis media as to hypo- 
vitaminosis. He concluded that chronic middle ear suppuration maj'^ 
not be due to hypovitaminosis, but patients vdth this affection often 
have vitamin C deficiency, and in such cases the administration of 
ascorbic acid is a helpful therapeutic measure. The case histories of 
4 patients with symptoms typical of Meniere’s disease, who also had 
symptoms of hypo^^taminosis A and C, are described by Morch.'- 
The symptoms of hypovitaminosis A observed were conjunctival irri- 
tation, photophobia, pharvngeal and nasophar^mgeal dryness, occasional 
irritation of the larynx, loss of appetite, painful respiration, loss of the 
sense of smell, periodic attacks of thirst, lassitude and listlessness 
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lumbago and myalgia. The ob.served symptoms of avitaminosis C 
were gingivitis and irritation and redness of the buccal mucosa and the 
pharynx, suggillation of the legs, papillar eruptions between the fingers, 
intense lassitude and dyspepsia. Morch gave his 4 patients intensive 
treatinent with \dtamins A or C, as the case required, by intramuscular 
injection up to the point of producing hypervitaminosis. There was 
amelioration of the vertigo and tinnitus with improvement in the 
hearing of all 4 patients, but the author states that it is still too soon 
to determine the potency of the results. 

An investigator deeply interested in the relationship of vitamins to 
nerve deafness is Selfridge,'^"^ author of four recently published articles. 
Because deficiencies of various vitamins— C, Bi and the B 2 complex— 
have been found to produce degeneration of the eighth nerve in animals, 
he has employed large doses of vitamins with correction of unbalanced 
diets in cases of nerve deafness. In his first article, he reviews 6 cases 
given nicotinic acid for many months which resulted in audiometric 
improvements averaging 5 to 10 decibels throughout the tone range, 
but in some cases amounting to 15 to 25 decibels for the lower tones. 
In his second article Selfridge reports 6 cases of nerve deafness treated 
with injections of riboflavin, thiamin hydrochloride or nicotinic acid. 
In the first patient ribofla\an produced no improvement, nicotinic acid 
produced a definite improvement in both ears, and thiamin hydro- 
chloride produced no further improvement. In the second patient, 
nicotinic acid showed a hearing improvement in both ears while thiamin 
hydrochloride resulted in an additional improvement. Nicotinic acid 
prompted impro^"eme^t chiefly in one ear of a third patient while 
thiamin hydrochloride improved the other ear. In a fourth patient 
continued improvement was observed vdth both preparations. Similar 
improvement was seen in a fifth patient. Nicotinic acid and riboflavin 
produced a slight gain in an elderly sixth patient, while thiamin hydro- 
chloride produced no further improvement and continued use of nico- 
tinic acid established additional gain. From these cases the author 
concludes that thiamin hydrochloride is an essential addition to nico- 
tinic acid, but that the greatest improvement occurs following the use of 
nicotinic acid. In a third article the author describes the case of a 
9-year-old child vdth unilateral high tone deafness of 3 years’ duration 
follovdng active otitis media. There was a slight audiometrie improve- 
ment with the patient on a high-vitamin diet plus the ^dtami^ B com- 
plex, carotene and ^^tamin C. An IS-year-old girl who had unilateral 
tinnitus and deafness for IS months was given vitamin C, thiamin 
hydrochloride and nicotinic acid, wdth striking improvement in the 
tinnitus and deafness. In commenting on these three articles Sham- 
baugh'® asserts that the strongest argument against the theory that 
vitamins are important in nerve deafness is the fact that deafness is not 
a symptom of clinical a^-itaminosis. Neither scurvy, beriberi nor 
pellagra have been shown'to be associated with nerve deafness. IVliile 
not comdnced that ^^tamins are a factor in nerve deafness, he has 
attempted to maintain an open mind and has employed them in numer- 
ous cases of nerve deafness, vdth uniformly negative results^ to date. 
In his fourth article Selfridge re\dews the literature on deficiencies^ of 
the various ^^tamins and the effect of these deficiencies on the function 
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of the eighth nerve and on the incidence and severity of infections. 
Lack of \dtamins A, B or C apparently causes changes in the eighth 
nerve, in addition to other more general effects. Deficiencies in vita- 
mins B and C appear to have a distinct bearing on certain allergic mani- 
festations. All the vitamins are essential during acute infections; they 
do not shorten the infection but seem to aid in sustaining the general 
physical condition. The tendency to be subject to the cornmon cold 
appears lessened if the diet contains all of the essential vitamins in 
sufficient quantity. 

In a discussion of otologic re.search and its recent contributions to 
clinical otology, Hughson and Thomp.son'^ sum up the role of vitamins 
in this field. They write, “ There is no more completely disappointing 
phase of the therapy of deafness than the supposed effect of vitamins 
upon hearing. A critical analysis of the effect of vitamin therapy in 
human deafness begets a feeling of complete futility. From an anatomic 
standpoint alone, neural impairment of hearing is final and in its mani- 
fest and individual degree, complete. Why should vitamin B or any 
one of its various complexes restore function to an organ of Corti de- 
prived of its neural mechanism? The sooner this misrepresentation is 
corrected the sooner the reputation for honesty of otologists and the 
peace of mind of the deafened individual will be achieved. Controlled 
vitamin experimentation in relation to deafness presents almost insur- 
mountable difficulties. Only extreme anatomic effects are demon- 
strable experimentally. The intermediate phases of hearing loss, if 
and when they occur, are not a matter of record. It is most unlikely 
that any of the neurologic effects produced by extreme experimental 
lacks are significant from the standpoint of human clinical deafness. 
All reported results of therapy are inconclusive. There is no anatomic 
evidence that the anatomic result of dietary defects is corrected by 
appropriate vitamin replacement. At the moment it would seem that 
this entire subject is lacking in true scientific control which is possible 
only with animal experimentation. Any human audiograms, so far 
presented, are of no real significance if taken as a measure of the effec- 
tiveness of Autamin therapy.” 

Noah D. Fabricant, M.D. 
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PHOTODYNAMIC EFFECTS IN DERMATOLOGY. 

Part T. 

A RAPiDLV developing, evidently important field of dermatology and 
of medicine at large, such as that of the effect of light on the body, 
deserves periodic review and progress reporting, not because of the 
finalities that can be presented, but because of the value of theorization 
in promoting further advance. The first impression the observer gets of 
the field of photodynamic effect is that of tlie complexity of components 
and the exceptional range of knowledge required of the evaluator for 
a proper appreciation of the causal mechanism. It is proposed there- 
fore, to divide this presentation into Part I, which will discuss photo- 
dynamic agents and mechanisms; and Part II, which ■null discuss the 
diseases with a prominent cutaneous aspect in which photodynamic 
effects appear to play a leading part. 

Historical Background. Blum’s volume,^ “ Photodynamic Action 
and Diseases Caused by Light,” the most recent and in fact the major 
contribution to the systemitization of this field, credits the observations 
of Oscar Raab,’^ a student in the laboratory of Tappeiner at Munich, 
on the toxicity of acridine for paramecium as the starting point of the 
modern study of photodynamic phenomena. Raab found that the 
intensity of the toxic action of the dye on the unicellular organism was 
proportional to the intensity of light in the laboratory. To the derma- 
tologist, the modern study of light sensitivity as affecting the skin 
begins with Meyer-Betz’s®^ observation in 1913 of the near-disastrous 
effect on himself of an intravenous injection of 0.2 gm. of hemato- 
porphjTin, the substance previously identified in the urine of the photo- 
dynamic dermatosis, hydroa lestivale. Exposure of a portion of IMeyer- 
Betz’s skin to a Finsen lamp 15 minutes later resulted in conspicuous 
swelling, deep infiltration and hemorrhagic necrosis of the whole ex- 
posed cutis. Two daj’^s later, a short exposure to the sun resulted in 
immediate and severe reaction. Meyer-Betz was still sensitive to light 
2 months after the injection, although the' porphyrin itself could no 
longer be detected in the blood serum 3 days after injection. Simulta- 
neously •\^dth Raab’s observation on paramecia. Prime’® described what 
appear to have been photosensitive reactions in epileptics injected with 
eosin, used because of its bromine content. Follovdng Raab’s initial 
observation, attempts were made to use eosin to increase the effective- 
ness of treatment for lupus vulgaris, but without notable success. 
Jausion and Maceron'*® in 1925 accidental^' rediscovered the photo- 
sensitizing action of acridine compounds when treating soldiers vlth 
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trypsiGavine for gonorrhea; and another sporadic application of dyes 
to light therapy ensued. Haxthausen’s case^“' in 1933 indicated that 
prolonged effects, such as Meyer-Betz observed in his own case with 
hematoporphyrin, may be due to an intrinsic constitutional back^ound 
factor “set off” by the photosensitizing agent. Photosensitization by 
direct application of substances to the surface of the skin seems to have 
had its clinical birth with the observations of Preund^® on berloque 
dermatitis (1916). The ingredient of toilet waters and perfumes probably 
responsible for a markedly pigment-producing dermatitis on exposure to 
sunlight is oil of bergamot (Blum). Oppenheim®®"'*’ in 1926 found a 
dermatitis occurring in persons taking sunbaths after contact with 
certain meadow plants. From these beginnings the study of photo- 
dynamic effect on the skin has proceeded on the one hand toward an 
increasing list of substances, following contact with which the surface 
of the skin becomes sensitized to light and an increasingly intensive 
study of the porphyrins as metabolites largely instrumental or at least 
associated with cutaneous and constitutional photodynamic effects. 
Between the two groups of investigation have labored the physicists 
and near-physicists, who have attempted to analyze the action of light 
in terms of its physical components, spectrum and wave lengths. 

The Components of the Problem. In the literature of today there 
are recognizable accordingly five distinct groups of observations con- 
tributorj'^ towards our grooving understanding of photodynamic phe- 
nomena. The first identifies and lists the e.xogenous and endogenous 
agents. The second deals with studies involving the composition of 
light. The third deals with the analysis and interpretation of the local 
cutaneous reaction to light; the fourth with the sources and genesis of 
endogenous photosensitizers, this latter to be considered with the first 
group; and the fifth, with the systemic, bacterial and vitamin contribu- 
tors to photodynamic effect. 

The Exogenous and Endogenous Agents. The term “ exogenous,” 
admittedly not fully satisfactory, requires subdivision into photody- 
namic or photosensitizing agents acting by topical or external applica- 
tion and photosensitizing agents parenterally introduced either by 
ingestion or injection. The seat of application in externally acting 
photosensitizers as Guillaume®®"'*’-® has shovm is the Malpighian layer 
of the epidermis, no photodynamic response occurring unless this layer 
is exposed by abrasion or otherwise to the action of the substance. 
The following list includes most of the substances, many of them as will 
be seen in the category of dyes or essential oils which are now known 
to have photosensitizing properties. Sandler,"® Kuske®®® and Blum®“ 
have compiled similar lists. 

Essential Oils.^ Oil of citron,’® oil of bergamot,-®'®’-'® oil of lavender, 
oil of cedar, vanillan oils, lime oil,” oil containing perfumes (Eau de 
Cologne). 


Plants and Plant Chlorophvll,®®"-*'-® buck- 

wheat (fagopyrism),®® c\oxev (trifoliosis), Sudan grass and other grasses,” 
Hypericum (hypericism), Agave (lechuguilla), Tribulus (geeldikkop), 
Uictammis albus (gas plant),’" meadow grass,” fig plant ®'®®“'*’'®-®’ 
Pastinaca saliva (parsnips) Ruta graveolens.®®"-®-® 

Jhjes. Eosin and eosin compounds,®® rose bengal,” erythrosin 
fluorcseem),’' acriflavm,’- fabric dyes,®’ acridine dyes (see below, coal 
tar), methylene blue, t^ypaf^a^^n.®®*’ 
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Drugs. Sul{onaraides/'=''®"'«’’i''“- 27 . 67 , 65 , 07,73,80,80.92 l,arbiturates 

gold,’-'® silver/® arsphenamine.'*® 

External Medicaments. Coal-tar and petroleum products®’’®®-^®-®^ (see 
also acridine), green soap,®'*’ mercury bichloride, copper 

Bacleria.-'”^-^- 

Tlieorization on the action of the exogenous photodynamic agents 
began when Tappeiner“ noted that washing out the sensitizing sub- 
stance from the cell after a short exposure greatly weakened the resul- 
tant reaction to irradiation, but established the fact that biologic 
changes in the cell continue after the termination of the light exposure, 
suggesting that something in the cellular tissue fixed or absorbed the 
specific energies of the light employed. Neuberg compared the action 
of light sensitizers to that of metallic catalyzers, and stated that the 
effect of many of the dj'es could be reproduced by organic catalysts 
such as iron, magnesium, cerium and uranium. Eidinow®®“ showed 
that the volume and concentration of the fluid suspension irradiated 
was influential in the efl'ect; that the concentration of chemical sensi- 
tizer present was a factor; that the intensity of luminous ra^^s, the 
distance from the source of light and the temperature all contributed 
to the reaction. In studying the action of light sensitizers on bacteria 
and unicellular organisms it appeared that each sensitizer has a selec- 
tive group of radiations at which a ma.ximal biologic action ensued. 
Eosin, for e.xample, is most active under yellow and orange visible rays; 
heraatoporphyrin has a maximum action under blue and violet irradia- 
tions. The bactericidal action of many substances was found to be 
increased by light. The extensive theoretical considerations of Blum®‘‘ 
indicate a close association of the photosensitizing mechanism with the 
o.xidation mechanism of the cell. Eidinow found that blood serum acts 
as a protective agent against light sensitizers as well as a diluent of 
their concentrations. Washed (serum-free) red blood cells suspended 
in saline are readily hemolyzed by light in the presence of a sensitizer — 
a valuable index of photosensitizing power. Human leukocytes are 
likewise readily destroyed bj"^ light in the presence of sensitizers (eosin). 
Eidinow’s work indicated that fluorescent radiation of a group of 
substances not ordinarily productive of light-sensitizing effect would 
convert them into light sensitizers. Eidinow’s work further tended to 
align the biologic action of light sensitization with that of ultraviolet 
irradiation effect, using rays of wave lengths shorter than 3100 A.U.; 
in other words, an intensification of, or a selective emphasis on, ultra- 
violet effect. 

Endogenous Photodynamic Agents (Porphyrins). The endogenous 
photosensitizing agents thus far recognized belong to a complicated 
chemical group — the porphyrins. HematoporphjTin, with which the 
study of these agents began is an artificial or synthetic porphjTin not 
found in Nature. It was at first described as iron-free hematin, a 
degeneration product from hemoglobin. The photodynamic properties 
of heraatoporphyrin are now largely of theoretical interest, but occa- 
sionally appear as complications of the therapeutic use of photodyn 
(proprietary hematoporphyrin preparation). 

American students of the medical phases of porplnrin metabolism 
will find extensive consideration of the fundamentals in the publications 
of Dobriner and his associates,’ and in Blum’s valuable mono- 
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graph.®" Important contributions to photodynamic phases of cuta- 
neous disease involving porphyrin metabolism have been published by 
McFarland and Strain,®" Brunsting, Brugsch and O’Leary, Blum 
and Pace," and Turner and Obermayer.®’" •'>-«* The clinician’s desire to 
be able to put his index finger on the sole chemical cause and his inability 
to satisfy it in the case of porphyrins will be apparent by a study of 
the complexity of these pyrrol compounds. Fischer,^""’'’''^ working on 
the first case of chemically studied congenital porphyria, identified two 
different pigments in the excreta; uroporphyrin, found only in urine, 
and coproporphyrin, found in both urine and feces. It is now known 
that small amounts of the coproporphyrin are found in normal urine 
and feces, but that the uroporphyrin is a pathologic product excreted 
almost exclusively in congenital porphyria. As Dobriner and Rhoads^’'® 
point out, these observations constituted the beginning of elaborate 
chemical studies which have shown that uroporphyrin and copropor- 
phyrin as above described differ fundamentally from the protoporphyrin 
actually identified in hemoglobin. Porphyrins have been identified in 
yeast likewise, and it has become clear that there exist side by side in 
the complicated chemistry of the porphyrins, isomers which have en- 
tirely different properties and very possibly different origins, notwith- 
standing that they all are regarded as derivatives or products of the 
destruction of the respiratory pigment. 

The porphyrins which appear most frequently in clinical nomencla- 
ture include uroporphyrins I and III, found in the urine of human 
beings with congenital porphyria, and in the bones of certain animals,®^® 
ahd coproporphyrins I and III, present during health in small amounts 
in the urine and feces. The predominating porphyrin in both excreta 
is coproporphyrin I, with extremely small amounts, or traces, of copro- 
porphyrin III and occasionally of uroporphyrins I and III. The level 
of excretion of total porphyrins determined by extraction from the 
urine and feces may be taken as from 300 to 400 ^g. per day of which 
30 to 70 /ig. is excreted in the urine. In diseases involving dysfunction 
of the pigment metabolism the amount of porphyrin excreted may 
increase or decrease, depending on the nature of the disease. For 
example, in pernicious anemia and pellagra, the level of excretion is 
several times normal, while in von Jaksch’s and in secondary anemia 
tlie level of excretion is much less. With inereased excretion of porphy- 
rin there may be gastro-intestinal disturbances, dysfunction of the 
nervous system and cutaneous abnormalities. 

For the clinician desirous of using conceptions based on porphjTins 
in his causal theorization, certain elementary principles are important. 
Porphyrins are definite chemical compounds, chemically identifiable by 
the usual criteria of spectroscopic analysis, melting point and so forth, 
and they should be positively identified in any form of investigatiori 
expected now or in the future to have etiologic significance. A lack of 
constancy of the appearance of a particular porphyrin in one or another 
of the excreta suggests as much as anything else that porphyrins are 
not necessarily the basic cause of the conditions in which they appear 
but are by-products with photosensitizing effects. The question as to 
whether such photosensitization is a direct interaction between the 
photodynamic porph\Tin and the reacting cell is anything but settled 
and the presence of intermediate mechanisms may properly be sus- 
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pected from tlie fact that notwithstanding the presence of these sub- 
stances in abnormal amounts in the excreta, patients may fail of plioto- 
sensitization. In the light of these considerations, the mere reporting of 
increased amounts of any particular porphyrin in one or the other of 
the excreta, or the increase or decrease in the amount excreted under 
any form of treatment no longer satisfies the requirements for a causal 
analysis. 

The porphyrins commonly encountered elinically vary considerably 
in their photodynamic power. Coproporphyrin type I sensitizes less 
than uroporphyrin type I, and the effect of uroporphjT-in type III has 
not been studied. Coproporphyrin type III produces less light sensi- 
tivity than does coproporphjnrin type I. The destruction of porphyrins 
in tissues has been studied, and it would appear that liver tissue, at 
least in vitro, participates in the destruction of such substances as 
hematoporphyrin. Coproporphyrin type III apparently appears when 
the liver is perfused with solutions of protoporphyrin in defibrinated 
blood. Coproporphyrin I and uroporphyrin I increase the tonus of the 
intestinal tract, the effect not being abolished bj' atropin. Indications 
of premature follicle formation in the ovaries of infantile mice were 
recognized by Hinsbergf® following injection of hematoporphjTin and 
protoporphyrin . 

In the reading of the clinical literature on porphjTins, it should be 
pointed out that the ine.xperienced should not confuse the total amount 
of coproporphjTin excreted in 24 hours in both stools and urine (300 
to 400 gg.)^ ndth a specific amount per 100 cc. of urine of a random speci- 
men of urine. 

Those interested in the simpler methods of quantitative laboratory 
determination of coprroporphjTin III especially should consult a dis- 
cussion by Dobriner and Rhoads,*’® dealing with this question. As an 
indicator in some affections of the liver and some toxic states, and a 
gauge either of increased total production of the coproporphjTins or a 
liver insufficiency of such a degree as to divert coproporphjTin into the 
urine with consequent disturbance of the urinarj’’-fecal ratio, these 
simpler methods maj"^ prove to have special clinical interest. 

The Composition of Light. Despite the fact that all critical recent 
observers have pointed out the shortcomings of reports in which 
neither the constancj^ of the light source nor its character in terms of 
wave lengths is definitelj’^ known, clinical statements with regard to 
photosensitiveness are still being made without anj-^ accurate knowledge 
on these points. In order to make ar^ailable to the clinical observer 
some concrete statements of the composition of light from the sources 
that he is likelj’^ to employ in. tests and treatment, several tables have 
been devised, including those of Krusen.®’ The Rerdewers have pre- 
pared Table 1, given hereudth from various sources in the recent 
literature. 

Since there is thus far no reason for discarding the belief that the 
fundamental fact of photodjmamic behavior is an absorption of a 
specific wave length of light by a photodynamic substance, there must 
be available against this inevitably somewhat confused and polj'- 
structural conglomeration of light som-ces a filtration scheme of some 
kind which will enable the clinical tester to feel reasonably certain that 
he is testing his patient with known type or wave length of light from 



DERMATOLOGY AND SYPIIILOLOGY 


G13 


bS S-B'-'J:' 

S M ^ o.M 

“ s E 5 fS 
SjSlB B 

CJ a t2 
rzs . ^ o 

5*273 «; 0 ° 

3 ® c»G 5> tj 
on Ci.> cJ 

cn c/5 

°a^‘g •" 

= S t: £ S3 

° *“ n B S B 
. " B a-c 

s .52 o £ § S s 
ft- — c o 

C3 *4-< ^ 

is o i- 

o m 3 ° « S 

C. Ow 4) 1 

« « o 2 2^ : 

^3 2 c.^ §4 

C cQ ti 4/ £ g c 

i-SBB-Si 3- 

3— o ; 


£ g “3 Oo > 

o o ^ g ^ 

-So c t-e S 5? 
3.2 >> o ° Y£ 

ns +3 4);^ g- CD u 

^ o 2 ^ 1-3'c 
o:?igi“g 

*"'^4>**5 W.3 CJ 

CD 0.05 g.— 

.« . ^'C ^ 4J 
0. a g c5‘tfl > c s 

s i i “.5 = ^ "-i 

e-SZ.sli^-gJ 

“ 5°-= 1.^.2 B- 

S.«S''o = bS^ 

^togcDij n o "-j 
CO 2 o'co-g*: 

- ^ 3 Tfi 4> t, CD «J fc 


> ? hfl 4J ;h CD U 

ErCJ 

S 2ci J'-f B i'f 

H M 


.2p£-g) 1 

|«o3 I 
«'n ^-Q 

's C.5 .2 ' 
‘=ii-^i2 P*i 
E 5 
^ P 5 J 
tcri.HH >! 
^ ;: 


•Sss 

a&P^ 

t- a,.2 S ^ 

£ >S P 

S'SiSii ’3 


o i E 

O B 3 

oo a £ 

Cl 3 •- 

« CD O 
0-4) 

S' 

OiO «fl 
CJO „ 

Ot3 O 

c s 

ft? «.£-0 

L ® "S £ 

^co § a 

S"“*£ 
.£® c-S 

-2*1 o 

I” c = 

.ic? ® to 
fiO-C.g 

b” S-o 

S?i.eg 


g.|| 

s .:§ 

oil 

T3 o 2 O 
B EiS'^S 
2 §3 g° 
fc. so 

S 4» -S'^ 

^ ^ 43 

|e-«- 

o* o CO*^ O 

.£ ^ c;'® ® 

»S o S S 

CD^.S C3 ^ 

•gfeJoB 

S,5s§o 

^ O <DCOp 

Q c-i 


^*9 2b*S 
§0 2’m.S 

ftj *}4 -*-> C 
*3 W a> a 

«<= ac|“ 
Sjo “••' §■ 
.S« s.S'c 
oo 2 

^ S 5S3 ^ 

gm B 3" 

B g 2 n 

oo o 

C *13 K 03 
O ft' 4> ^ 

.25 0 CD »-^T3 

©ft! O ft>0 O 

.2o a eg ^ 
S” S ~e?B 
o .'c .e c 

“9 2.E E’" 
c as 5 B 
oS 3'3 gj3 


R W 5^ R 

’C ftj 4> 
2 .2o t- 

O ^30 g 
CD 2 2 Cft *- 
•;3 o •‘J s 
£coi 

OJ2 ® 

“g>r- 


.2 ° 

.2g° 

§ S° - 

9 Bi'o 

” Bfe 

Jills 

— o CD 
tr^C'i C w‘o 

o 5 cc 

u o 2 cj;;:: 

c: CD u« ;:3 CO 


S >. m *3 

003^ C 

|“£5 

c— ■*:> c: 

3 c JS 
S o c; C ^ 

O g J. B ^ 
aj3 gc tc 


G « O 
' n i £■ 


> 

>r 
C O 

O ^ 

"o 

enrho 

o.\iiIe 

2e 

MV 

G.S 
ft/ O 

*r* S Jr, ft/ Q 

i: S S c=: 
•sSgSg 

*> 

G 

(i. 

55 

O 

— ^ C) 

S 



^ O .S .S .53 

Cl 

Cl 

CO 

CAi 




(il4 


PKOGIllCSS OF MEDICAL SCIENCE 


the source he is alile to use. Urbach anti Konrad, for e.xample, in 1929**“ 
proposed a simple subdivision of light with which they investigated the 
photodynamic sensibilities of a case of prurigo ajstivalis Hutchinson, 
and the light-protective effect of resorcin. They employed red, yellow 
and green glass filters, and found the sensitivity of their patients to 
be to the rays passed by the yellow' and red, and accordingly lying in the 
wave lengths between 4900 and 7000 A.U. More recently McLoughlin 
and Krusen®- have better defined the means by w'hich certain know'n 
wave lengths of light from the carbon arc B carbon as a constant source 
can be secured for test purposes. The description accompanying their 
diagram is as follows: 

“The five succe.ssive portions of the spectrum to which the skin is 
exposed : 

“(1) Unfiltered radiation from carbon arc lamp employing 'B' 
carbons. 

“ (2) Carbon arc radiation through a Corning No. 774 filter. 

" (3) Carbon arc radiation through a Corning No. 396 filter. 

“ (4) Radiation from a 2.50-watt Mazda CX lamp through a Corning 
No. 255 filter. 

“ (5) Radiation from a non-luminous coil type of infra-red burner.” 
(The latter placed in a polished reflection.) 

The procedure w'hich they described is as follows: 

“The portion of skin to be tested is exposed to one minimal erythemal 
dose of unfiltered rays from the carbon arc lamp. All the surrounding 
skin’ is covered with tow'eling. Prior to exposure the areas to be tested 
may be outlined with a pencil for skin marking for purposes of identifi- 
cation. The test is repeated in another area w'ith filter Number 774, 
covering the area of skin exposed to the arc. One erythemal dose is applied. 
This filter prevents transmission of that portion of the spectrum w'hich 
contains the rays producing sunburn. The third area is e.xposed to 
the carbon arc lamp, using a Number 396 filter. This supplies some ultra- 
violet and inHsible light, and eliminates almost all heat rays. The 
fourth area is exposed to the rays of a Mazda CX therapeutic lamp, 
using a Number 255 filter. This filter transmits only the near infra- 
red portion of the spectrum and none of the visible rays. The last area 
is exposed to the infra-red burner which produces no visible rays, but 
only the far infra-red radiation. The last two exposures are of five min- 
utes’ duration at a distance of approximately 18 inches (46 cm.) or at 
a distance at w'hich the raj's can be tolerated by the patient w'ithout 
causing discomfort.” 

There is no statement as to what constitutes an erythemal dose, w'hich 
presumably must be learned by experience. There is, moreover, reason 
to believe that the size of the openings through which the dose of 
actinic light is administered affects the grade of reaction, and must for 
this reason be kept constant. Blum®^ points out other factors (chiefly 
described by him in connection w'ith susceptibility to cancer on the 
face) of W'hich account must be taken in light or photodynamic testing, 
such as the embryogenesis of the exposed sldn as suggested by McFar- 
land, Ciccone and Gelehrter®’ and the thickness of the epidermis, as 
affecting the penetration of light. For example, Lucas“ found that 
w'ave lengths of 3000 A.U. are 44% transmitted by epidermis 0.08 mm. 
thick, while less than 5% of wave lengths 2900 A.U. and shorter are 
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transmitted by this thickness. Bachem and Reed’s^ values were even 
lower. Repeated exposure to light, by affecting the thickness of the 
stratum corneum (Miescher®®) will further influence the effect of succes- 
sive tests, and is the probable explanation of decreasing sensitivity to 
light on repeated exposure rather than its conventional explanation as 
due to accumulated pigment. It would appear therefore that necessary 
constants in comparable tests should be a selected part of the body, a 
part of constant size, and a selected interval between successive 


exposures. 

Haxthausen®®“ has pointed out that vascular changes and permanent 
dilatation follow the action of sunlight and cold, and that these may be 
factors influencing the response of covered and uncovered portions of 
the body to light test procedures. Chemical injury, particularly by tar 
and dust carcinogens and possibly also contact allergens, must further- 
more be taken into account in individual subjects. 

The distinction between blondes and brunettes, often emphasized in 
interpreting reaction to light, is far more difficult of description than 
the casual observer would expect. It is obviously necessary to have 
some standard method of expressing the color of the skin which is a 
compound of vascular distribution and blood content, and intrinsic 
(melanin) pigmentation before proceeding to describe a light reaction 
in accurate test terms. The interaction of exposure to light and ex- 
posure to temperature in modifying both the A’^ascular and the pigment 
factor increases the complexity of this descriptive element in a uniform 
test, and it cannot be said that present knowledge suffices, without 
further study, for an accurate definition. 

Blum®^ believes that the mere intensity of pigmentation in the 
l)runette is hardly a trustworthy single index of susceptibility to ultra- 
violet radiation, notwithstanding the belief of competent investigators, 
including Miescher,®® that pigment, especially in the negroid type, is an 
important element in their relative insusceptibility to the ultra'\dolet. 
A fair search of the literature has failed to identify any authoritative 
definition of blondeness versus brunetteness. MacKee®® in the first 
edition of his pioneer text, in the days when unfiltered Roentgen ray 
for skin therapy was standardized by physiologic testing of the erythema 
dose on the human skin, could give no clearer definition of a proper 
subject than to specify that one “ utilize a split pea sized area of skin 
on the flexor surface of the forearm of a female adolescent (preferably 
a blonde) for the experiment .... The reason for selecting a young 
fair skin and a flexor surface is because such skin is more sensitive than 
dark skin in the extensor surface of older individuals.” 


It would appear therefore that before Ave haA'^e an accurate measure 
of photodynamic effect suitable for comparisons, it AAnll be necessary to 
develop beyond the present accuracy and availability, spectrophoto- 
inetnc apparatus for analysis of the color of the skin. Attempts haAm 
been made to use “color Asdieels,” permitting comparator estimations 
ot the color of a rotating disk AAith that of the skin, to the percentage 
analysis of the component colors in the disk (RoAAmtree and BroA\m'®) 
buch instruments as the -Macbeth illuminometer can Avith modifications 
measure the light reflected from the skin surface, but it is doubtful if 
these will satisfy the requirements. Published studies bv Rogin and 
btieard* describe an analysis of the color of the skin folloVing irradia- 
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tioii by iilti'iiviolet I'liys, using spectropiiotonietric equipment developed 
by Sheard, but too compliciited for extensive use, especially under 
clinical conditions. Such apparatus has, however, contributed materi- 
ally to the understanding of the “erythema” behavior of the skin as a 
physiologic reaction. It must be clear, therefore, that not only with 
respect to accurate statement of the composition of the light source 
concerned in photodynamic action, the whole subject of photodynamic 
effect requires a basic investigation of essential standards for test 
methods, including the response of the test tissue (skin) itself. 

The Local Cutaneous Reaction to Light. The basic work in this field 
has been done by observers of radiologic erythema effect, including 
Miescher*^ and Sheard. Without going into the technical details of 
the methods used by the latter which should be studied in the original 
publications, many interesting sidelights appear concerning the control 
factors, including area of irradiation, posture and so forth, which should 
be studied by users of tests. From the first it was apparent in Rogin 
and Sheard’s^^ work that the reaction of the skin to light has a cyclical 
or crisis-like character under all of the wa^•e lengths tested in Roentgen, 
ultraviolet and visible spectrum fields. The meaning of this cyclical 
reaction is not apparently as yet clear, but the associated pigment pro- 
duction and so on affects successive exposures and tests. Similar wave- 
like phenomena in er^ythema reactions have been identified in mustard 
oil derm<atitis and are believed to exist in tuberculin reactions and so 
forth. Wide individual variations in the cyclical or crisis reaction are 
recognized, both as to degree, latent period and other elements. The 
rhythmic or wave-like response to ultraviolet light persists for weeks 
following a single exposure. The formation of pigment also follows a 
rhj^thmic course, apparently independent of the course of the erythema. 
fVhile the effects of the light exposure are e\ddently to some extent upon 
the vascular bed of the skin as well as upon the epidermis and pigment- 
bearing cells the cyclical character of the reaction does not seem to be 
wholly explained by these considerations. Laurens” has summarized 
some of the varied vascular effects of irradiation by sunlight. The 
cur^'e of the first effect (hjqjeremia) indicates active arterial bloodflow. 
Later the curve shoAVS the shift from oxyhemoglobin to reduced hemo- 
globin, indicating blood stagnation and decreasing local blood volume. 
An increase in melanin is indicated by depression of the violet end of the 
spectrum. The degeneration of melanin produces an allied pigment, 
melanoid, shoAvn by a flattening of the curve near 400 m.ju. It has been 
recently pointed out that sex hormones have a significance in tanning 
Avhich ma 3 " be a photography-like process of exposure and development, 
Avith the sex hormone acting to develop color-lacking material laid doAAm 
in the skin by exposure. IndiAuduai A'^ariations in the degree of pig- 
mentary alterations during pregnancy maj-^ also be related to character- 
istic differences in the metabolism of the sex hormonal stearol. A film 
of SAA'eat, containing dissoh'ed or suspended substances, partially screens 
the skin against erythema-producing radiation. Alany of the substances 
for Avhich protectiA^e claims are made are A'alueless. Rogin and Sheard 
demonstrated the absorption effects of the knoAvn light sensitizer, oil of 
bero'amot, pure and in alcoholic solution, in studying the effect of 
ultraAdolet light. The erythema AA-as definitely least at the 5-hour inter- 
A'al after exposure in the surface treated AA'ith oil of bergamot, AA-hich 
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seems curiously out of keeping with the clinical belief that it acts as a 

photosensitizer. tx i i • 

The now generally accepted concepts of the H substance meciianism 

of inflammatory and erythema response in the skin (T. Lewis) makes 
particularly interesting the question as to whether light sets free hista- 
mine-like substances in the skin. In Laurens’®^ review, citation is made 
of the fact that the unstable enzyme which converts histadine into 
histamine in animal tissues has been described, and evidence direct and 
indirect has been presented that ultraviolet irradiation increases the 
amount of H substance in skin and blood. Ultraviolet rays exert an 
inhibitory influence on the cutaneous reaction produced by intracuta- 
neously injected histamine in non-allergic subjects but increase the 
reaction in allergic subjects, due to their constitutionallj'^ lowered ability 
to elaborate histaminase. It is suggested that the nature of the tissue 
injury caused by radiant energy resembles the effect of coagulation 
necrosis by mercuric chloride, and is different from that produced by 
venoms and staphylococcal toxins. From an analysis of the erythema 
curve and the pharmacologic action of ultraviolet radiation, there seems 
little room for doubt that an active substance is liberated which is 
responsible for the erythema response as an indirect capillary reaction. 
Apart from the vasodilation which appears after a latent interval, the 
structural changes are limited almost entirely to the stratum mucosum. 
The erythemal response is due to the photochemical decomposition of 
some constituents of these cells with the liberation of active reaction 
products, which then diffuse to the region of the minute vessels of the 
subpapillary venous ple.xus of the corium and lead to vasodilation. The 
probable chemical nature of the photolyte is suggested by several inde- 
pendent lines of evidence. Consideration of its properties provides 
strong experimental support for its identification as a typical protein 
or a simple derivative. The hypothesis that the H colloid is to be 
identified with proteoses formed photochemically offers a possible 
e.xplanation of a number of the observed phenomena of the action of 
ultraviolet irradiation. 

On the other hand, Laurens®® states that observations on a case of 
urticaria solare, as cited, lead to the conclusion that neither histamine 
nor a readily diffusible H substance of low molecular weight is respon- 
sible for the skin response to ultraviolet irradiation. Attention should 
be drawn to the fact that there is in dermatologic conceptions at least 
a fundamental difference between the reactivity and excitation of reac- 
tion of the vascular structures of the skin, as contrasted with the epi- 
dermal structures. The epidermal dermatitic or inflammatory reac- 
tions partake more of the nature of a specific allergic effect on the basal 
* layer of the epidermis. For more elaborate treatment and resume of 
existing knowledge of the mechanism of light action on the skin with 
special referenee to histamine, reference should be had to Blum.®" 

What might be designated as grades of irritati\'e response of the 
skin to the action of light is in need of further study both clinically and 
histologically. It is apparent that photosensitizers differ in the types of 
struetures which they select (pigment, vessels, endothelium, Malpighian 
cells [basal cells] and so forth) in their photodynamic action. The rate 
at winch reaction develops and the preponderance of certain elements 
(scaling versus erythema and vesiculation in different wave lengths and 
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compositions of light from ^-arioiis sources, hot rcmts cold quartz lamps 
and so forth) indicate the need for mueh study, before interpreting the 
specific modes and zones of action of photogenic substances. The dis- 
cussion of carcinogenic effects in this connection is postponed to Part 11. 
Authorities such as Blum®^ are inclined to minimize the biologic selective 
action in human tissue of certain wave lengths for certain structures, 
but this conclusion would seem to be the result as much of insufficient 
investigation ns anything else. All authorities agree that one general 
category may be distinguished from all others. This comprises a 
group of destructive effects produced by radiation shorter than about 
3300 A.U. From the high incidence of such effects a loose generaliza- 
tion may be made that such irradiation is, as a rule, destructive to 
living systems. It causes sunburn in man; and in other large animals 
produces effects varying from mild irritation to severe surface lesions. 
In some cases the effects of such radiation are stimulative rather than 
flestructive, as with many destructive agents when acting in mild degree. 
The action spectra for bacteria, yeasts, dermatophytes, protozoa, bac- 
teriophage and so forth, resemble the absorption spectra of egg albumen 
serum and other protein substances. The ma.vima of the action curve 
differ, for example, however, as much as 200 A.U. for protein and for 
nucleic acid. Bactericidal and fungicidal rays have action spectra 
resembling the absorption spectra of nucleic acid while those producing 
artificial parthenogenesis of the echinoderm egg and inactivation of pin- 
worm eggs resemble the absorption spectra of protein. Sonne*^ has 
suggested that a lipoid substance in the red blood cell determines the 
hemolysis under the characteristic action spectrum. Still further e^•i- 
dence, again minimized by Blum’s®® discussion, that the action spectra 
of different wave lengths may have markedly difliering biologic effects 
is recognizable in Flint and McAllister’s^ study (quoted by Blum®®) 
indicating that three distinct action spectra take part in the inhibition 
and promotion of germination of dormant lettuce seeds. In this study 
there is suggested the possibility that photogenic effects may include 
the neutralization of one substance by another substance developed at 
a slightly differing wave length, and thus the canceling out or “antagon- 
ism” of one or another photogenic wave length of light by the action of 
another. The application of these considerations to the study of the 
skin is thus far practically in'l, but account should be taken of their 
e.xistence in estimating future trends and possibilities of investigation. 

From the varied and not too' clearly defined statements of several 
summaries, it appears that probably the most important factor in the 
local reaction of the skin to light irradiation is the ability of various 
wave lengths to penetrate to certain depths and e.xcite certain groups 
of cells in the epidermis and cutis. The ultra\'iolet rays necessary for ♦ 
the prevention or healing of rickets, and the production of erythema, 
are those below 3200 to 3130 A.U. Lamps whose ultra^^olet output 
ranges around 2900 A.U. with additional bands around 2600 and 
2650 A.U. give onl^- a fleeting erj^tbema with a strong bactericidal effect. 
Coblentz and StaiU® concluded that maximal erv-theraa production 
occurs at 2500 and even more intensely at 29.50 A.U. with a minimum 
of erythema production at 2800 A.U. The erythema effect disappears 
entirely beyond 3300 A.U., and is almost zero at 3200 A.U. It should 
be realized* therefore that the less circumscribed erj-themas produced 
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by longer wave lengths than 3200 A.U. are beat effects apparently on tbe 
blood-vessels, and not the specific or sunburn erythemas produced by 
rays that do not pass beyond the Malpighian layer and hence are 
expressive of indireet blood-vessel effects {vid the H substance mechan- 
ism). Mayer^® states that erythema production occurs in the germinal 
layer or the corium under the shadow of the upper layers, and that 
absorption by the stratum corneum is so marked that it is practicall,y 
impossible for irradiation between 2500 and 2000 A.U. and certainly 
of less than 2000 A.U. to reach the living layers of the skin and produce 
sunburn reaction. He further points out that sensitization with such 
sul)stances as eosin and hematoporphyrin increases the effect of infra- 
red invisible ray's which ordinarily are unable to produce destructive 
effects but merely cause dilation of superficial capillaries and increased 
bloodflow and exudation of lymph. The temporary “heat erydhema” 
is not strictly local, in contrast to the delayed or true sunburn erythema 
which is limited sharply to the exposed area due to the local tissue 
changes of the nature of degeneration of the prickle cell layer which 
results in capillary' stasis, diapedesis of leukocytes and other signs of 
inflammation to the degree of blistering. All these latter effects as 
above indicated are being more and more regarded as part of the Lewis 
H substance mechanism. The pigmentary changes on the other hand 
seem independent of the erythema to a considerable degree, since the 
pigment begins to appear before the erythema disappears and appar- 
ently depends on the intensity and duration of exposure. Blum®“ 
however, takes the view that the erythema and pigment-production 
mechanisms are identical, so far as action spectrum is concerned, and 
contests Frankenberger’s^® suggestion that the sunburn spectrum is 
made up of two parts— erythema production corresponding to the 
absorption spectrum of histadine, and pigmentation to the absorption 
spectrum of alkaline tywosin. Blum®“ explains pigmentation on the 
basis of cell injury' and believes the effect can be equally obtained by 
other noxious factors such as heat, chemical or mechanical injury' and 
so forth. None of the hypothetical considerations thus far available 
provides a completely' satisfying explanation of the pigment response 
to irradiation. The understanding of some of the pigmentary effects 
of externally' applied photosensitizers such as perfume (Berloque der- 
matitis) must therefore await a fuller comprehension of the light- 
pigment mechanism. 

The necrosis-producing effect of light is generally' considered to be 
more a function of dosage than of wave length. It should be pointed 
out, however, in considering photogenic substances that in the reported 
cases of porphyria, quite extensive skin necrosis on exposure to light 
seems to be a rather characteristic reaction, and tends to indicate that 
the combination of light and certain photosensitizers has a necrotizing 
effect over and above that possible through light acting alone or upon 
unintoxicated tissue. ^ 


The antibacterial effects of light are generally accepted as beine 
exercised by wave lengths below 3300 A.U. reaching a maximum inten- 
sity betiyeen 2600 and 2700 A.U. It seems to be most commonly 
lieheved that the bactericidal effect is direct and part of the destructive 
action of light ;is such on the • protoplasm or chemical structure of 
bacterial cells. That this ^^ew does not embrace the entire range of 
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possil)ilities is certainly suggested by the work of Stevens/- who in a 
series of carefully controlled experiments summarized by Krusen®^ 
showed that bactericidal effects in the skin are mediated at least in 
jiart by peroxides developed from the oxidation of lipoid substances and 
oils in the skin. Krusen states that there is no reason to believe, as 
has been suggested by some, that the rays are absorbed by oils and 
later are liberated as such. This statement refers to experimental work 
done on liquid petrolatum. n 

Laurens^ in his recent summary cites the photodynamic action of 
dyes on antibodies. Dyes such as methylene blue, for example, destroy 
antipneumococcal serum in the presence of light. Neutralization of 
diphtheria toxin is inhibited after an exposure of mixed antitoxin and 
methylene blue to light. On the other hand, ery'throsin and dizyanin-A 
sensitize bacteria to long-wave luminous energy and to the infra-red. 
Blum^ further suggests that substances such as porphjTins and lacto- 
flavin, present in small amounts in all living systems, may under intense 
light, develop important destructive or bactericidal action. Enzymes 
including peroxidase can be inactivated by short-wave lengths of light. 
The hemolytic effects of light are attributed to the presence of small 
amounts of protoporphyrin in red blood cells rather than to any known 
effect of light upon hemoglobin as such. 

It seems reasonable to include among the constitutional effects which 
may accompany the antibacterial action of light, injuries inflicted upon 
the body, either directly toxic or as allergic effects, by the decomposi- 
tion products of the bacteria which are destroyed by light. Clinic 
observation of light effects in susceptible subjects, particularly following 
sunburn in allergic individuals, suggests that the lymphadenopathy, 
muscle tenderness and occasionally joint symptoms produced folloBung 
a sharp sunburn e.xposure may be in a sense “vaccine” reaction follow- 
ing irritation of bacterial foci and destruction of organisms in such foci 
by bactericidal substances developed in the skin and passing from thence 
into the circulation following light exposures. Thus far such concep- 
tions are no more than theorization. 

A line of differentiation in light effects should be drawn between the 
toxic action of light and its allergic effects, or action as an allergen. 
This differentiation has been defined so far as possible by Stephan 
Epstein^'*'’^" and Blum^®’^^ in published correspondence. Using sulfanila- 
mide as a light sensitizer for the basis of the discussion, the contentions 
seem to resolve themselves into a matter of degree rather than of kind, 
in that they concern primarily excessive reactivity and to small amounts 
of the contributing agents, rather than a question of the actual existence 
or non-existence of such effects. Blum is inclined to oppose the intro- 
duction of terms other than “photodynamic effects” while Epstein, as 
a dermatologist and allergist, is inclined to rate the extreme grades of 
photodynamic effect as an expression of hypersensitivity, while allergy 
is, by the usual definition, "any specifically acquired alteration in the 
capacity of living tissue to react.” Epstein insists that while the 
primary sulfanilamide light sensitization response is not an example 
of photodynanaic action, the secondary sulfanilamide response de- 
scribed in his paper on photoallergy and primary photosensitivity to 
sulfanilamide, does not meet the requirements of allergy definitions. 
Blum, in idrtual agreement with Epstein, accepts the secondary 
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sulfanilamide response as allergic, but insists that photosensitivity 
induced by rose bengal, abnormal sensitivity to blue and violet light, 
photosensitivity resulting from sulfanilamide injections, and even some 
examples of the repeated injection of sulfanilamide on irradiation 
response in human beings, shall not be swept into the same allergic 
category'’ indiscriminately without further study of their mechanisms. 

That there is a field of true allergic response to light is further sug- 
gested, though of course not completelj'^ established by the recent 
observations of Callaway and others”* -2*“ on the passive transfer of 
light sensitivity by the blood serum of the light-sensitive individual to 
normal subjects. Intradermal injection of Callaway’s patient’s blood 
serum into the skins of 3 normal individuals produced the equivalent 
of a Prausnitz-Kiistner reaction indicative or at least suggestive of a 
transfer of an antibody capable of participating in a true antigen-anti- 
body allergic reaction. The nature of the substance in the light-sensitive 
individual has not been identified. Large amounts of coproporphyrin I 
have, however, been identified in this subject’s stools. No general 
light-sensitizing effects have been observed in the individuals who 
volunteered for the Prausnitz-Kiistner experiment. 

That light sensitiveness may be involved in an infection-allergic or 
infection-susceptibility complex has been suggested by the observations 
of Stokes and Callaway*^ on the general sensitizing effects of epidemic 
waves of intercurrent infection on dermatoses with an underlying 
allergic or infection-allergic complex. In addition to causing flares of 
processes in which a high degree of susceptibility to staphylococcus 
infection appeared, these authors cited 4 cases, 1 of them being the case 
used in Callaway’s experiment, in which pyogenic or upper respiratory 
tract infection apparently resulted in extreme and even protracted 
sensitiveness to light. A physician who tolerated without reaction 
repeated 18-minute exposure of the palms to an S-1 lamp at 5 inches 
dcA^eloped on the third day following an attack of epidemic bronchitis, 
such light sensitiveness that a 3-minute exposure to the same lamp at 
the same distance produced a severe burn. The importance of these 
considerations for the light sensitive background in lupus erythematosus 
and other dermatologic conditions will be again mentioned in Part 11. 

Systemically Acting Contributors to Photodynamic Effects. In the 
previous discussion a number of individual observations classifiable 
under this heading have been noted, but a precise definition of the 
mechanisms has been impossible because of inadequate present knowl- 
edge. Thus among toxic effects one might conceivably include the 
absorption of porphjTins developed in the metabolism of bacteria or 
produced at their focal sites of activity by the destructive action upon 
the respiratory pigment brought to them by the blood stream. Thus a 
group of organisms in a susceptible indirddual (susceptible for as yet 
unknown reasons) might cause a dental or an intestinal focal strain of 
organisms perhaps of the hemolytic tjpe, to produce porphjTins or 
absorption which might, like uroporphjTin, be eliminated only or prin- 
cipally through the urine, or, like the coproporphyrins, through both 
urine and feces, with a marked preponderance via the feces. A mechan- 
ism of this sort is strongly suggested on purely hypothetical basis in 
the hght-sensitization phenomena accompanying or accompanied bv 
markedly pathogenic intestinal flora, particularly of the hemolytic 
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sti eptococcjil an<l Ijactcroidcs types (Url)ach®®). Similarly, fungi of 
the tnonilia type in the intestinal tract of pellagrins have been credited 
with the ability to produce photosensitizing substances. Tlic occa- 
sional or even frequent i)ut not invariable excc.ss of porphyrins in the 
e.xereta of such persons is not necessarily to be regarded as more than an 
indicator of the precise photodynamic mechanism involved. 

The influence of vitamins on photosensitizing or photodynamic 
mechanisms has been suggested at several points, including the possible 
action of vitamin C on skin pigmentation and the now well-known 
influence of the nicotinic acid constituent of the B complex on the 
behavior and elimination of porphjTins. It is not to be assumed that 
this interaction is necessaril}* direct, since as Harris^’ and others have 
pointed out, the injury to the liver which makes it unable normally to 
utilize ordinary amounts of nicotinic acid available in the food; the 
injury to the gastro-intestinal digestive mechanisms which prevent the 
utilization of the B complex (achlorhydria and so forth) may all partici- 
pate in the relation.ship. Nonetheless it is clear that certain vitamins 
and vitamin constituents in their normal or in greatl 3 ' increased amounts 
may be expected to influence the response of the bodj' and particularly' 
of the skin to light. 

John H. Stokes, M.D. 

Herman Beerman, M.D. 
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Conservation of Scholarly Journals. 

The American Library Association lias created a Committee on Aid to Libraries 
in War Areas, beaded by Jolm IL Russell, University of Rochester. The Com- 
mittee hopes that American scholars and scientists will be of considerable aid 
in the solution of one of these problems. 

The attempt to avoid a duplication of the World War difficulty in completing 
foreign institutional sets of American periodicals is now the concern of the 
Committee. 

Many sets of journals, broken by the financial inability of the institutions 
to renew subscriptions, as far as possible will be completed from periodicals 
being purchased by the Committee. Many more will have been broken through 
mail difficulties and loss of shipments, while still other sets will have disappeared 
in the destruction of libraries. The size of the eventual demand is impossible 
to estimate, but requests received by the Committee already give evidence that 
it will be enormous. 

With an imminent paper shortage attempts are being made to collect old 
periodicals for pulp. Fearing this possible reduction in the already limited 
supplj' of scholarly and scientific journals, the Committee hopes to enlist the 
cooperation of subscribers to this Journal in preventing the sacrifice of this tjqje 
of material to the pulp demand. It is scarcely necessary to mention the appre- 
ciation of foreign institutions and scholars for this activity. 

The Committee hopes that readers of this Journal m'U aid it in meeting these 
problems. 

Questions concerning the project or concerning the value of particular periodi- 
cals to the project should be directed to Wayne M. Hartwell, Executive Assistant 
to the Committee on Aid to Libraries in War Areas, Rush Rhees Librarj', 
University of Rochester, Rochester, N. Y. 
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HYPERTENSION ELECTROCARDIOGRAMS EXPERIMENTALLY 
PRODUCED AND ANATOMICALLY EXPLAINED.* 

I. COR PULMONALE. 

By Jane Sand.s Robb, Sc.D., M.D., 

ASSOCIATE PROFESSOn OF PHARMACOLOGY, 

AND 

Robert C. Robb, Sc.D., AI.D., 

SY'RACUSE, N. Y. 

(From the Department of Pharmacology, College of Medicine, Syracuse University.) 

A REVIEW of the subject of right heart failure, with an analysis 
of 210 articles concerning the causes, characteristic manifestations, 
and the mechanism of sudden death in clinical and experimental cor 
pulmonale, is now completed.-®® This material may be summarized 
briefly: Cor pulmonale may be induced by any condition raising 
the pressure against which the right heart must empty itself. Most 
authors believe that the circulatory symptoms appear only after 
the right heart begins to fail and that the vast majority of cases 
never recover from their first breakdown. Whether right heart 
failure is primary or secondary, as when there is occlusion of a large 
pulmonary area, or when reflexes cause massive pulmonary arteriolar 
constriction or coronary constriction, the fact remains as stated by 
Fineburg and Wiggers;'® “No evidence was discovered, or in our 
0])inion has been presented by others, that circulatory failure fol- 
lowing obstruction of the pulmonary circuit has any other cause 
than fatigue of the right ventricle.” 

Continuing the survey of cor pulmonale, we propose to discuss 
three additional problems: 1, the structural and functional anat- 
omy of the right heart; 2, a review of electrocardiograms of cor 
pulmonale, both clinical and experimental, described in the litera- 

* .•\idcd hy .t grant from the Hendricks Rpscarcli Fund. 
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tiirc; jmd d, eioctrociinlioprains olitaincd c‘X])t>rinK'nta]ly by strctdi- 
ing tlic compuiiont iniusoleK of the ri^ht ventricle. 

I. Structural and Functional Anatomy of the Right Heart. Tlie 
cardiac dissections of i\IacCa]lum,-- Mall,=’ Tandler,-'*’ Shaner,^ and 
others, .showing that the right ventricle is mainly formed by the 
deep sinospiral muscle (DSS), whose fibers encircle it (parallel to 
tlie base of the heart) making l)oth lateral and septal walls, have 
been repeated more recently by Robb,-®“ Flett," and Lowe.’®“ The 
deficiency at the apex is partly filled by the superficial bulbospiral 
(SBS) which contributes mainly to the posterior papillary and less 



Fig. 1. — When the right ventricular pressure is gradually increased the first 
ECG change is slight elevation of S-T in all leads (superficial sinospiral). As the 
pressure increases further, S-Ti is depressed and Ti becomes negative, while S-Tj 
is more elevated (superficial bulbospiral). The heart recovers and an SSS type 
recurs. Later, ivith beginning dilatation, S-Ti is elevated while S-Tj and T3 become 
more negative. Finally, as death approaches, S-Ti is greatly elevated and S-Ta 
markedly depressed, also A-V block develops. 


to the anterior papillary muscle (Shaner, p. 25^; Robb, Fig. 1, 
p. 288-®°) and by the superficial sinospiral (SSS) which contributes 
mainly to the anterior and medial papillaries of the right ventricle 
(Shaner, p. 25®^; Robb, p. 68*®°). In previous ex-periments, it was 
shown that infarction of the two superficial muscles had no signifi- 
cant effect on blood pressure, whereas ligation of even a small blood- 
vessel supplying the deep sinospiral caused the blood pressure to 
fall greatly, and ligation of two or three branches to this muscle 
reduced the blood pressure to shock level. If a hollow organ is to 
“fail” or “fatigue” (Fineburg and Wiggers*®), it will dilate and 
stretch the components of its Avails, and obviously the Aveakest 
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component will fail first. The mass of the superficial sinospiral is 
least, hence it might be expected to fail before the others. This 
appears to be what happens, for many roentgenologists have re- 
ported that in right heart failure the earliest change is an increase in 
distance from the conus to the apex.^®^ When the next weakest 
muscle, the superficial bulbospiral, stretches, the apex will be even 
further from the conus. When these two muscles, which support 
the tricuspid valve leaflets via the chorda tendinete, are overstretched 
a tricuspid murmur should develop. Thus Moschcowitz'^ writes; 
“In long standing cases tricuspid insufficiency results.” Pollock^^ 
also mentions a "systolic bruit” which he thinks was a tricuspid 
murmur. Finally, when the deep sinospiral is stretched beyond its 
optimum tension, acute failure supervenes and transverse bulging 
is seen. 

Robb,-®*’ and Robb, Hiss and Robb®® have shown that experimental 
acute infarction of these muscles produces a characteristic change . 
in the electrocardiograms. Later studies apply these interpreta- 
tions to human hearts with infarcts demonstrable at autopsj'.®®*' 
Confirmation of parts of this work has been given by Lowe,^®“ *’ 
who dissected the muscle bands in hearts after infarction and found 
that “ Reconstructions of many of the scars show that they follow 
accurately the muscle planes and correspond to portions of one or 
more of the muscles which have been described.” His Figure 16 
presents an electrocardiogram in which S-Ti is elevated and S-Ts 
depressed, of which he writes: “ . ! . . in specimen 28 we have a 
tracing indicative of an anterior wall infarction according to the 
description just given, whereas reconstruction of the scar shows 
most of the damage to be in the walls of the right ventricle, lateral 
and posterior as well as anterior (Fig. XVI). In this instance the 
tracing seems to correspond to a muscle bundle rather than to an 
anatomical region such as Bohning and Ivatz'’ describe.” 

II. Electrocardiograms in Right Heart Failure, (a) Our revieAV 
of electrocardiograms in cor pulmonale reveals only 14 published 
examples of the McGinn-White type. Let us first consider electro- 
cardiograms in right heart failure associated with right ventricular 
hypertrophy in congenital hearts. Six of Abbott’s* 7 cases we 
interpret as I)SS muscle lesions. The seventh (Plate 13) is charac- 
teristic of an SSS lesion. All 7 of these electrocardiograms showed 
riglit axis deviation. In Schnitker’s®® data on 76 cases of right 
heart failure there was involvement of the SSS in 21 %, of the SBS 
in 20%, of the I)SS in 48%, and no typical muscle lesion in 11 %. 

Electrocardiograms labelled acute or chronic cor pulmonale are 
trequently seen in the literature, 

forimty of these is not as great as in those cases with a chronic rise 
ot pressure due to congenital heart disease. 

In acute cor pulmonale IMcGinn and Wiiite,®* and White®®" *’ de- 
scribe a characteristic change of the electrocardiogram, namely; 



ROKH, UOBB; nyPEHTENSION Jai'CTnOCAROIOGHAMS 


()28 

"The presence of a Q-wave and late inversion of the T-wave in 
Lear! 8, the rather low origin of the T-wa^'e in Lead 1, usually a dis- 
tinct S in Lead 1, and an upright* T-wave (with inverted P- and QRS- 
waves) in Lead 4.” In some instances there is definite right axis 
deviation. Scrutiny of their electrocardiograms shows that only the 
crest of the S-Ts reaches the isoelectric level. The beginning and end 
of the S-Ta are depressed below the level of the T-P interval— this is 
especially well shown in their Figure 5. They state that these symp- 
toms and signs are " due in large part to dilation and partial failure of 
the chambers of the right side of the heart.” They mention the simi- 
larity of their electrocardiograms to those “due to occlusion of the R. 
coronary artery, the T 3 type.” Barnes^ also discusses this similarity 
and gives a table with points for distinguishing one from the other. 
Sokolow, Katz and Muscovitz®® review 50 cases of cor pulmonale, 
classibr-ing them according to the electrocardiogram. Their Table 1 
arranges the data in four sections. Eight individuals did not sur- 
■vah'e pulmonary embolism: the electrocardiograms of 5 of these 
show S-Ts depression, which is characteristic of lesions in the DSS 
muscle; the other 3 had SBS lesions in electrocardiograms taken 
from 3 to 8 days before death. Six records published are of those 
who survived; only 2 of these showed slightlj'- depressed S-T3 
(Figs. 5 and 14), That 71% of those with deep sinospirai lesions 
died while only 43% with superficial bulbospiral lesions died, again 
supports the conclusion of Robb, Hiss and Robb®® that lesions in 
the deep muscles have a graver prognosis. 

Stewart, Kirk and Smith®® have recently reported 12 cases of 
pulmonary infarction. Five of these patients died: 4 had repeated 
infarction before death and in the last electrocardiogram showed 
the DSS type of change; the fifth case seems to have died 30 hours 
after the first attack but the only electrocardiogram, an SBS t^'pe, 
was taken 13 hours before death. Here 80% of those known to 
show DSS lesions died (71% for Sokolow et aL^=). Of 7 patients 
who survived, only 2 were seriously ill and these 2 had DSS lesions, 
whereas the otliers had superficial muscle lesions. These authors 
claim that the changes in the electrocardiogram are essentially those 
described by McGinn and White,®* Barnes,® Langendorf and Pick,” 
Seherf and Sch6nbrunner,®®“'® and feel that the electrocardiogram is 
useful in differential diagnosis. They emphasize the need of re- 
peated tracings, saying: “The changes occur in rapid succession, 
the electrocardiogram reverting to its more usual form more quickly 
than in the case of coronary occlusion.” 

White®®® (Figs. 69 and 71) shows electrocardiograms of acute and 
chronic cor pulmonale respectively. Both indicate a DSS lesion; 
they differ in that Figure 71 has a lower Ri, a deeper S,, no Qt, a 
Jiigiier Rs, and less convexity of S-T3; they are alike in having low 
To, ^egati^'e T3, and in having slightly elevated S-Tj and depressed 

* Inverted -ndth modem technique. 
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S-T3 (the deep sinospiral type of electrocardiogram). The same 
type is seen in de Takats* (Fig. 8) taken 8 hours after pidmonary 
embolism, and also in his Figures 9 and 11, as well as in Rosier s 
Figures 75 and 76. McCann^® publishes a DSS type of electrocardi- 
ogram with the legend “record typical of that which occurs in hyper- 
tension of the pulmonary circuit.” 

In reviewing this extensive series of cases (not all of which were 
acute cor pulmonale), only 14 published examples of the McGiun- 
l^diite tjqie of electrocardiogram appear (McGinn and White,^! 
5 cases; Barnes,^ Golden, Xnauer,’'* and Scherf and Schonbrun- 
nersso.fr (Case 6), each 1 case; and the 5 of Sokolow, Katz and 
Muscovitz^s) It is not possible to tabulate or express as_ per- 
centages the electrocardiographic variations reported in clinical 
papers, since sometimes the record is described but not published, 
S-T deviations are not always noted, the records are taken at vari- 
able times relative to the onset of symptoms and to death, seldom 
is a control record available to indicate any abnormality present 
before the pulmonary accident occurred, and finally, it is often 
impossible to determine whether the patient really had a cor pul- 
monale. Support of this opinion is contained in a personal com- 
munication from Dr. Paul D. White.* 

Examples of superficial sinospiral and bulbospiral types of elec- 
trocardiograms were discovered, as were also many deep sinospiral 
cases. In no instance was a deep bulbospiral type (a muscle con- 
fined to the left ventricle) discovered either from jmblished records 
or in descriptions of records not published. It would seem that a 
degree of increased pressure sufficient to cause a superficial sinospiral 
lesion in the right heart is not often diagnosed as due to cor pul- 
monale, and that among the cases diagnosed as cor pulmonale the 
greater proportion have deep sinospiral lesions. 

{h) Electrocardiograms from experhnental xoork are much more 
consistent. Buchbinder and Katz® produced right heart failure by 
injection of mercury into a leg vein, whence it passed to the heart 
and lungs, interfering with the lesser circulation. They also 
clamped the pulmonary artery in some experiments. Their Fig- 
ures 4, 5, 6 and 7 are predominantly deep sinospiral lesions. 

Krumbhaar^® also did acute experiments during Avhich the pul- 
monary artery was clamped and later released, which resulted in 
electrocardiograms of the deep sinospiral type. His Figure 2 of 
Experiment 1 shows S~J 1 elevated while S—Toj.t are depressed 
after a moderate degree of occlusion. With a greater compression 
of the artery, S-T was depre.s.scd in all three leads. Krumbhaar’s 
Figure 4 (third, fourth, fifth .series) shows elevation of S-Ti and 


♦ H IS very nnportnnt to note many cases of pulmona. v cml.oUsm do not 
liavc the aeufc eor ,)ulmon.ale-ino.st arc too slisht and some are too severe (causine 
death m shod:). Few are studied at just the rigid time or degree to show v.-hai 
I consider the typical acute cor pulmonale, hence the majority of Katz's electrocardio- 
grams are not comparable with ours, nor are ours all of the same degree ” 
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depression of S-Ts, which clianges, up to a certain extent, were 
reversible. Holman and Beck‘* in an experimental study of aortic 
and pulmonary stenosis publish one electrocardiogram "from their 
Experiment 4 with pulmonary stenosis of 5 months’ duration. 
Right axis deviation is present as is also elevation of S-T in all 
leads (SSS; see also their Fig. 2, Part I). 

Anderson- reporting experimental work mentioned disturbance 
of the S-T segment. Otto-“ was mainly concerned with changes in 
the T-wave and unfortunately did not take three leads in all experi- 
ments. f’riep' also did not take ail three leads constantly but does 
wTite: “ All showed a negative Ts with shortened R-T interval and 
T starting either above or below the line.” He concludes that vagal 
effects are unimportant and believes the changes to be asphyxial. 
Love, Brugler and Winslow*® report depression of all S-T segments 
(DSS) as a constant finding and related these changes to dilatation 
of the right ventricle. 

HI. Experimental Study of Acute Cor Pulmonale. Experiments 
during which the right intracardiac pressure was gradually but 
progressively raised up to the point of acute failure were performed 
to study the apparent similarity between electrocardiograms of 
right-sided heart strain and muscle bundle lesions produced by 
ligation of specific coronary supply. 

Method. Dogs and rabbits were anesthetized with appropriate doses of 
soluble pentobarbital, artificial respiration instituted and the thorax 
opened. For the study of the two ventricles 15 animals were used. Elec- 
trocardiograms (three simultaneous leads recorded either on a crj'stal 
galvanometer built by the Cambridge Instrument Companj'®®“ or b3' three 
string galvanometers recording simultaneously) were taken during anestheti- 
zation, also after opening the thorax and at intervals after compression of 
the pulraonarj' arterj’. 

Results. Considerable compression could be applied before any 
effect was noted. Beyond a critical point, the heart elongated from 
the conus to the right apex. With still greater pressure the trans- 
verse diameters of the right heart increased, the ventricle “balloon- 
ing” out. With almost complete occlusion of the pulmonary artery' 
the left heart was firmly contracted, small and empty. Only with 
sudden great asphyxia did the left heart dilate after the right heart 
had done so. Terminal arrhythmias were uncommon. All hearts 
eventually slowed, even though the vagi were cut. The immediate 
effect on the electrocardiogram was to raise the S-T slightly in all 
leads above the T-P isoelectric level (-f-f -f * superficial sinospiral 
type). A second stage followed in which S-Ti was depressed and 
S-Ts further elevated ( — + -f superficial bulbospiral added). Still 
later S-Ti elevation returned while the S-T,i was as much depressed 
as the S-Ti was elevated (-1 deep sinospiral) (Fig. 1). The 

* or — si"ns refer to displacement of RS-T interval upward or downward, 
respectively, from the T-P isoelectric level, in Leads 1, 2, 3, respectively. 
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occurrence and duration of these stages varied with the degree 
of constriction. With sudden very exee.ssi^'e increase of pressure, 
the S-T in all leads was depressed (SBS plus 1)SS). In no instance 
did a DBS type (very great elevation of S-i in all leads, charac- 
teristie of lesions in the deep bulbospiral muscle which is entirely 
confined to the left ventricle) occur in right heart failure. Right 
axis deviation was not observed in the acute experiments. This 
observation confirms that of experimental work by Buchbinder and 
Kat// and accords with the clinical findings of Stewart et where 
in 1 2 cases of cor pulmonale right axis deviation was found but twice. 
Right heart failure, then, gives a terminal electrocardiogram quite 
different from that of left heart failure. (See Part II, p. 634, this 


Journal.) Moreover, this type is the one found to be characteristic 
of injury to the deep sinospiral muscle. 

IV. Statement of Problem for Discussion. Our experiments indi- 


cate that in right heart failure the three component right ventricular 
muscles fail consecutively. This is shown by direct observation, by 
Roentgen ray reports as previously quoted, and by electrocardio- 
grams. When pulmonary pressure is increased, the distance from 
the pulmonary conus to the right apex (outflow tract) becomes 
greater. The earliest electrocardiographic changes indicate injury 
first to the superficial sinospiral and presently to the superficial 
bulbospiral muscles. It is an accepted anatomic fact that the right 
apex is formed by the intertwining slender portions of these two 
muscles. As fluid pressures within a cavity are equal in all direc- 
tions, the weakest region must obviously stretch first {i. e., the 
apex). Only when the stronger, deep sinospiral fails will the trans- 
verse diameters at the base of the right heart increase. Injury to 
each muscle results in a characteristic effect on the electrocardio- 


gram. Given that the electrocardiogram will reflect previous myo- 
cardial damage, together with summation effects for each muscle 
acutely involved, one can explain why there are so many divergent 
reports of the electrocardiogram in cor pulmonale. A most impor- 
tant consideration is time. In acute experiments one watches the 
beam of light continuously, taking frequent records and thus a 
smooth progression showing each stage of involvement is obtained. 
In practice, the sicker the patient, the less is the probability of 
trequent and especially of terminal electrocardiograms being taken. 
With so many variables, it would be astonishing indeed if there 
were much similarity between clinical electrocardiograms. 

One might mention the custom of neglecting S-T deviations of 
jess tlian 1 111111 . It is a fact that action currents record maximally 
if they i)ass parallel to the plane in which the electrodes are placed 
and record not at all if they pass at right angles to the axis of the 
electrodes. Absence of large gahanometer deflections in the latter 
■instance IS no jiroof of tissue inacliriiy. Tims wlien the three stand- 
ard leads are recording cardiac currents, they are often oriented 
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so iioiirly iit ri}>;lit angles to certain ])ortions of tlie lieart tliat activity 
in these areas fails to register (producing so-called silent areas). 
i\Iorc recent work with chest leads has ])roven the.se are not actually 
“silent” areas, ^’lie minimal displacements have a significance 
which is generally not admitted. It would be equally amateurish 
either to diagnose and to make a serious prognosis from every minor 
deviation of S-T (less than 1 mm.) or to neglect such minor devia- 
tions for analysis and localization. Bourne and Evans® found that 


1 / % of 80 anginal patients showed electrocardiographic evidence in 
Lead IV only and they concluded that “ Lead IV helped to empha- 
size the importance of slight changes in Leads I, H and III . . . .” 


Summary and Conclusions. 1. Electrocardiograms taken in ex- 
perimental right heart failure agree in form with those of previous 
authors. 


2. Whatever the cause, pulmonary hypertension, if immediately 
great, may produce acute right heart dilatation, or if sufficiently 
prolonged, results in right heart hypertrophy and eventualh' in 
failure. 


3. The essential mechanism of failure consists in the progressive 
stretching of the three component muscles of the right ventricle. 
The weakest area at the right apex is formed by the superficial sino- 
spiral muscle and strain of this muscle is heralded by some elevation 
of RS-T in all leads. A second weak area, the superficial bulbo- 
spiral portion of the apex becomes involved and this is recognized 
by further elevation of RS-T in Leads 2 and 3 and coincident de- 
pression of S-T in Lead 1. Widening at the base indicates failure 
of the deep sinospiral and is evidenced by marked depression of 
RS-T in Leads 2 and 3, and either elevation or depression of RS-T 
in Lead 1, depending on the degree of concomitant superficial bulbo- 
spiral involvement. 

4. It is immaterial whether the exciting cause of muscle failure is 
rise of pressure unthin the right heart or whether failure is secondar\" 
to asphyxia produced either directly or reflexly. Vffien these mus- 
cles are under tension and unduly stretched the same electrocardio- 
graphic picture is produced as if the muscle were infarcted or 
otherwise damaged. 

5. Because these muscles fail consecutively and because damage 
to each has its own effect on the electrocardiogram, and especially 
because there may have been preexisting disease (or effects due to 
drug action), a valid explanation is available for the great variation 
in clinical electrocardiograms during an attack of cor pulmonale. 

G. In these experiments, with the chest open, a dilated right heart 
was not associated with right axis deviation. 

7. The McGinn-Vffiite tjqje of electrocardiogram is probabl\' 
associated with a moderately severe degree of rise of intracardiac 
pressure, stretching all three of the component muscles. IVhen 
intracardiac pressure is dangerously increased, all S-T intervals are 
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depressed in additioii to some one or all of the changes described by 
McGinn and White, Barnes, or Rosier. 

8. If intracardiac pressure increases slowly and not too greatly, 
the electroeardiograni may be wholly unaffeeted, or if the pressure 
increases are rapid and extreme, any combination of muscle injury 
pictures may occur, thus accounting for the variable reports concern- 
ing electrocardiograms in pulmonary embolism and hypertension. 

9. The employment of muscle bundle localization may serve to 
increase the value of electrocardiograms in the recognition, treat- 
ment and prognosis of cor pulmonale. 


Grateful thanks are given to Dr. M. D. Dercn for technical assistance in certain 
experiments. 
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HYPERTENSION ELECTROCARDIOGRAMS EXPERIMENTALLY 
PRODUCED AND ANATOMICALLY EXPLAINED.* 

n. Left Ventricolar Strain, f 
By Jane Sand.s Bore, Sc.D., M.D., 

ASSOCIATE rnOFESSOn of FHARMACOLOGY', 

AN'D 

Rorert C. Rorr, Sc.D., M.D., 

SYRACUSE, N*. Y. 

(From the Department of Pharmacoiogj% College of Medicine, Syracuse University.) 

It is well known that the electrocardiogram is frequently altered 
in systemic hypertension. Shift of the apparent electrical axis to 
the left, displacement of the S-T segment (generally downward in 
Lead 1 and upward in Lead 3). negativity of Ti and positivity of T 3 
are regarded as characteristic. Xo e.xplanation for such signs has 
been substantiated. Current teaching is summarized by Best and 
Taylor* (p. 303) who describe these changes in the electrocardiogram 
associated with hypertension and offer three theories in explanation; 

“( 1 ) That it is due to the greater mass of ?nascle, the electrical 
changes occurring in the hypertrophied chamber overbalancing those 
of the normal side. This theory has been rendered untenable by 
the discovery that the electrocardiographic features which were 
thought to be produced by one ventricle are actually produced by 
the other (p. 312). In other words, the electrical changes in the 
sound 3 ’entricle overbalance those of the hypertrophied side.” 
I\laster® apparently adheres to this hypothesis, believing the elec- 
trical signs are gradual developments due to the increasing size of the 
left ventricle. In his own series of 152 patients with hypertension, 
117 (74%) presented left axis dcAuation. He emphasizes that 
changes were gradual and depended “on the duration of the hyper- 
tension and the degree of enlargement of the left 3 'entricle and not 
on changes in the heart muscle” (p. 91). He also wTites (p. 92): 
“The clianged anatomical configuration of the muscle masses may 
alter the time of onset of regression of the electrical excitation wave 
in specific tissues like the bundle branches or in the myocardium 
itself and thus may produce characteristic electrocardiograms in the 

* Aided hv a grant from the Hendricks Rcseareli Fund. 

t Strain is defined as: A forcible stretching, tending to alter shape, an injury to 
a muscle due to excessive tension or use. 
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standard loads.” On page 94, he mentions that “the duratioii_ of 
the QRS complex is normal and there is neither notching or slurring 
which often occurs in myocardial involvement” and again on 
page 100, “However, the widened, slurred and notched QRS com- 
plex and the large initial negative deflection in lead IV (deep Q4) 
indicate involvement of the myocardium.”' 

“ (2) Altered position of the heart. The greater mass of the hyper- 
trophied ventricle causing rotation of the heart around its longi- 
tudinal axis; this probably plays only a minor role. 

“(3) SJoived conduction over the bundle braneh supplying the 
hypertrophied ventricle as a result simply of the lengthening of the 
conduction pathway incident to the enlargement of the ventricular 
cavity, or to actual injury of the conducting tissue associated in 
some way with the cardiac disease. According to Barker^ and 
associates, one or other of these factors is the most probable explana- 
tion of the characters of the electrocardiogram in ventricular hyper- 
trophy.” 

Barnes and Whitten* agree with Barker et al. in supporting this 
third hypothesis predicating ventricular “strain.” 

According to Pardee” (p. 14), the QRS is inscribed “while the 
contraction is spreading throughout the ventricular muscle” (exci- 
tation). In Macleod’s'' “Physiology” (p. 284) one reads; “The 
electrical changes generated within this bundle (Plis) are not detect- 
able in the E.C.G. but the gradual spread of activity through the 
powerful ventricular muscle, which is thereby induced, gives rise 
to the complex series of waves comprising the QRS group.” 

Resnick,^-" studying the effect of anoxemia in A-V conduction, 
found that conduction was first stimulated and then slowed. The 
eftect of anoxemia on conduction varied with severity, duration, the 
general condition of the animal, its heart rate, and was thought to 
be due to a “direct effect on the muscle.” In another papeH**' on 
the eflect of anoxia on intraventricular conduction, he found that 
at first the QRS interval shortened but later lengthened. He con- 
cludes that “ ventricular aberration in clinical cases is an indication 
of more or less serious disturbance of the function of the Purkinje 
tissues.” 

Bazett and Sands® commonly found an increased QRS in dogs 
with experimental aortic regurgitation. 

All these observations tend to show that where the intraventricular 
pressure is increased (as it is mechanically in aortic regurgitation), 
or where there is a concomitant anoxemia (which may occur when 
the intraventricular pressure is considerably raised), there is slowing 
of intraventricular conduction. (This widening of QRS was regularl v 
obtained in animal experiments.) 


E^erimentel Study. Methods. Left heart strain was produced accord- 

S CheJr^^and Wiggers’« (see also Katz, Ralli 

Lhcer, and Otto'®), loung dogs or rabbits were put on artificial 
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respiralion atui .siihjt'cfocl <o liffaliou of several arteries witiiin tlie thorax 
(liotli earol-ids, the innoiiiinate, tlie left siihclaviaii, and the descending; 
tlioracie aorta). In (,\vo scried of -ex])erinients lo animals were used. 
Blood ^prc.ssure was recorded from one carotid through a mercury manom- 
ctcr. The jwc.ssurc in this small arterial sj'stem was still further increased 
iij' injecting saline or glucose through the side arm of the recording can- 
nula, thus increasing the pressure against which the heart must empty. 
The chest incision was not sewed up but after each inspection the parts 
were draivn together and the animal covered with a blanket to prevent 
undue cooling of the heart’s surface. 



Fig. 1.— Types of muscle bundle lesions sequentially associated with progressive 
left ventricular strain. Paper speed 50 mm. per second. Standardization: 1 cm. = 
1 mv. SSS = superficial sinospiral type of tracing (RS-T = -t- + -f). SBS = superfi- 
cial bulbospiral type (RS-T = — 4-+)- DSS = deep sinospiral type (RS-T= d ). 

DBS = deep bulbospiral, a terminal lesion (RS-T = -H-, +-(-). 

Results. It was found that the amplitude (especially of R in 
Lead 1) increased as soon as the pressure was raised by tying the 
descending aorta (no veins were tied). The earliest physical change 
noted was a tendencj’ for the heart to become longer and narrower 
(pericardium closed). With continuing moderately high pressure 
or with sudden increase of pressure, the S-T segment in all leads of 
the electrocardiogram was slightly elevated. This is the character- 
istic change found in experimental infarction of the superficial sino- 
spiral muscle (see Fig. 1, SSS). ^^Tien pressures were raised still 
higher, the amplitude of the pulse pressure increased, and presently 
S-Ti became depressed, and S-T3 became elevated. This is the 
characteristic change found in experimental infarction of the super- 
ficial bulbospiral muscle (see Fig. 1, SBS). If fluid was rapidly 
introduced into the arteries and an electrocardiogram taken during 
the forceful injection, it was noted that T 2 abruptly became negative 
and that this negativity disappeared and T 2 became as positive as 
ever when the heart had adjusted to the pressure increase. _ This 
T 2 reversal could be carried out many times during an experiment, 
but eventually the negativity of To tended to become permanent. 
In one experiment fluid was introduced into the ventricle itself, 
SO cc. given very rapidly. The left ventricle dilated and fibrillation 

resulted (see Fig. 2). 
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Slip]) experiments indicate the following order of strength ofleft 
ventricular muscles, weakest superficial smospiral, then superhcial 
luilhospiral, deep sinospiral and finally the deep bulbospn-al as the 
strongest. Tins order one would expect from the relative muscle 
masses The cuff (deep bulbospiral) is, of course, not absolutely 
the heaviest, but it is the thickest and experimentally the most 
essential to the maintenance of blood pressure. 



Fig. 2.— Standardization and symbols as in Figure 1. Following gradual rise of 
intracardiac pressure sufficient to involve three muscles, during recording of first 
DBS segment, rapid pressui-o rise was instituted. Note the development of fibrilla- 
tion followed by spontaneous recovery to a DBS type of record. A second rapid 
increase of pressure produced another fibrillation from which there was no recovery. 


As pressure of a fluid in a closed cavity is exerted equally in all 
directions, the internal pressure would be expected to dilate first 
the weakest part of the left ventricle, the apex, which is enclosed 
by the thin interlocking portions of the superficial sinospiral and 
bulbospiral muscles only. Not until pressures were greater would 
the thicker deep sinospiral and deep bulbospiral muscles dilate, 
expanding the diameters at the base of the heart. 

Previous studies (Mall,® MacCallum,® Robb and Robb’») have 
shown that under certain conditions there is differential hypertrophy 
of various ventricular muscles. Presumably the weaker muscles, if 
under continued strain, would stretch or dilate sooner than the 
stronger muscles. Such stretching of the superficial sinospiral and 
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hulhospirjil inii.sclc.s oDci’s an explanation of the common and wcli- 
cstahlislicfl ol).servalion (made l)otIi clinically and experimentally) 
that tlie outflow tract increases in Ien/;tli previous to expansion of 
the left ventricle at the l)ase and agrees with rhlenbruck’s'" state- 
ment regarding "enlargement” at tlie apex (which does not neces- 
sarily mean hypertrophy), as the cause of electrocardiographic 
changes in hypertension. 



Fig.-3. — Duration of Q-T and QRS plotted against duration of cycle in seconds. 
Q~T is prolonged in the hypertensives partly due to a longer QRS and partly due to 
a longer S-T. Q-T: x-x Ashman and Hull’s average's for normals; o-o Ashman and 
Hull’s upper limit of normal values; + average data for 100 ambulatory hypertensive 
patients; forge do/s, average Q-T durations in 300 medical students from this 
laboratory. QRS; mtall dots, QRS duration in the same 300 medical students; 
o, average QRS durations in 100 ambulatory hypertensive patients. 

In brief, it is demonstrated that the intraventricular pressure 
can be increased and by gradual increase, strain can be put suc- 
cessively upon the various muscles causing one after another to 
fatigue. The blood was at all times bright red and did not appear 
to be deficient in O 2 content. Possibly the alteration in conduction 
is related to the increased length of conduction pathways (Best 
and Taylor^) occasioned by the tendency of the ventricle to dilate, 
the effect being to slow conduction along certain pathways and alter 
the total algebraic summation of all electrical activity. 

Clinical Observaiions. Recently 100 ambulatory hypertensii'c 
patients (from Hypertension Clinic of Dr. B. Levinson) have been 
studied. 
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Figure 3 presents Q-T and QRS duration plotted against cycle 
length in these patients. One sees that Q-T duration is definitely 
increased over that of normals. The values range from 0.3 second 
when the cycle length is 0.4 second, up to a duration of 0.45 when 
the cycle length is 1.13 second. QRS duration is also increased in 
inanv instances. 

S-T changes, when present in clinical hypertension, are compar- 
able to those obtained in acute animal experiments. There were 
16 among the 100 whose S-T intervals were isoelectric (16%). Of 
this group, 75 ( 75 %) showed signs of only superficial muscle strain. 
There were 37 (37%) who showed a slight elevation of S-T in all 
leads (superficial sinospiral type of muscle injury) and 38 (38%) 
others presented depressed S-Ti and elevated S-I 3 , the superficial 
bulbospiral type of record. Only 9 showed even a mild degree of 
deep sinospiral alteration (R-Ti elevated, R-T .3 depressed), whieh 
scarcity ( 9 %) is to be expected since none of these patients were 
decompensated. None showed the deep bujbospiral type of elec- 
trocardiogram (maximal elevation of R-T in all leads) which again 
supports our previous observation that patients with a lesion in this 
muscle will not be ambulatory and tend to die quickly. Marked 
deep sinospiral or deep bulbospiral lesions would be expected only 
during decompensation and immediately before death, hence to see 
such pictures we require more records taken of patients in extremis. 

Discussion. 1 . Granting that the electrocardiogram characteristic 
of hypertension does occur in patients having hypertension and 
large hearts, it likewise occurs in those with small hearts (also noted 
hy Master,® p. 106). vSince electrocardiographic signs of hyper- 
tension may appear without cardiac enlargement, size meaning 
generalized hypertrophy cannot be the exclusive cause of such signs. 

One sees similar electrocardiograms (usually either superficial sino- 
spiral or superficial bulbospiral types) produced under various con- 
ditions placing extra demand on the left ventricle, such as aortic 
stenosis and insufficiency, coarctation of aorta with hypertension, 
von Gierke’s disease, and patent ductus arteriosus with large left 
ventricle (see Master’s Figs. 31 A and I, 38, 52, 55, 57, respectively). 
The superficial muscle type is sometimes found in pericarditis where 
generally the superficial muscles alone are involved (see Master’s 
fidg. 61). When both right and left hearts are enlarged, it is 
olivious that any muscle type or an admixture of all types could be 
present (see Master’s Figs. 47, 48, 49, 51 ,54). 

2 . Fhlenbruckis has suggested that “hypertrophy of the apex” 
may be the explanation of these electrocardiographic changes. It 
is certainly true that the outflow tract becomes lengthened early 
and also the apex tends to become rounded. Injury or “strain” 
m this region may be a more convincing explanation of electro- 
eardiographic signs. Further evidence concerning this change at 
the ajjex is found m an e.xperimental study of aortic regurgitation by 



(i-KI UOUU, UOUir. HYI'KRTKKSIOK klectiiocakdiogkam.s 

Bazett and Sands.^ When the aortic cusps were broken, and thus 
an acute rise in left intraventricular pressure produced, the heart 
silhouette at once became longer and narrower. In that article 
Figures 2 and 5 show anterior-posterior and lateral Roentgen rays 
before and after the operation. Their Figure 7 shows electrocardio- 
grams taken before operation, at 6 weeks after the first operation, 
and at 11 months after the first and 9 months after the second 
operation. At 6 weeks, one finds S-Ti elevated, Ti negative, 1% 
negative, T.i diphasic, S-T 2,3 depressed. In the subsequent record, 
*S-Tt is still elevated, Ti is flattened. To is diphasic, S-Tj is still 
depressed, Tj is positive. There is no left axis deviation. Thus in 
a chronic experiment where a mechanical load raising the left intra- 
ventricular pressure is allowed to operate for 11 months, a deep 
sinospiral type of electrocardiogram is obtained. Presumably less 
regurgitation might have resulted in a superficial sinospiral or a 
superficial bulbospiral lesion and more in a deep bulbospiral, but 
with three valves injured at two operations a deep sinospiral tj-pe 
did appear. Sehnitker''* reports 8 cases having coarction of the 
aorta; half of these showed a deep sinospiral type of tracing. 

3. Increased intraventricular pressure not only stretches the 
component muscle bands of the ventricular wall but also would 
elongate the conducting pathways (whatever histologic forms these 
may prove to have. Best and Taylor,'^ as previously quoted, men- 
tion simple lengthening of a conduction pathway as a possible 
explanation of the electrocardiographic change. This elongation 
may be the mechanism of the increase in QRS duration noted in 
patients and experimental animals alike where intraventricular 
pressure is increased (Fig. 3). 

Conclusions. 1. Because in acute experiments on young animals 
no hypertrophy and myocardial damage (in the sense of infarct or 
connective tissue replacement) is present, one must attribute the 
various results to change in size of the ventricles dependent upon 
“ strain,” that is, increased intraventricular pressure with dilatation 
(rather than hypertrophy). 

2. Such a stretching of the musculature demonstrably alters con- 
duction even to the point of causing ventricular fibrillation. 

3. Either development of an injury current within a single muscle 
band or differential slowing of conduction (including recovery) may 
be regarded as the essential factor resulting in the characteristic 
electrocardiograms. 

4. These S-T shifts in the electrocardiogram, caused by putting 
strain upon the individual muscle bundles, are the same as those 
produced by experimental infarction of the same muscle bundles. 

■ 5 . Acute centralized .systemic hypertension, e.xperimentally in- 

duced, initiates a series of electrocardiographic changes reflecting 
the severity of the disturbance. The left ventricle is enclosed by 
foiir niuscle masses yhich give way in sequence: the superficial 
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sinospiral first, tlic supcrficia.! bulbospiral next, later tbe deep .sino- 
spiral muscle, and in extremis, the deep bulbospiral muscle. Our 
clinical experience parallels the animal data. 
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During the past 2 years we have been attempting to study various 
relations among peripheral differences of electrical potential created 
by cardiac activity in normals and also in patients with- various 
types of cardiac abnormality.’"' This work has led to the develop- 
ment of conceiits which we have been unable to reconcile with the 
tune-honored views of Eintlioven- regarding the distribution of 
liotcntial on the body surface. Our observations indicate 
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c-crtaiii definite j)!itterns of variations with time, of differences of 
potential can he recognized over considerable areas of the body 
surface by tlie use of apjjropriate metiiods. Some of these patterns 
obtained i^etween paired areas near the heart undergo decrement as 
distance of paired areas from the heart increases, but along certain 
radial lines extending from the heart little alteration in contour of 
pattern is deinojistrablc between paired areas. It would seem there- 
fore that the distribution of potential on the body surface from 
electrical phenomena in the heart is quite different from what 
Einthoven conceived it to be when he made the series of unverified 
assumptions which underlie the equilateral triangle hypothesis. 

It is remarkable that, as judged from the literature, the equilateral 
triangle hypothesis receives almost universal acceptance without 
question as to the validity of the assumptions which underlie it. 
Gildemcister’s'* demonstration of the electrical properties of tissues, 
Eyster, IMare.sh and KrasnoV studies of impedance, and liatz’'^ 
studies of the effects of altering con<luction from certain parts of 
the heart, none of which has been controverted, ail seem to be ig- 
nored and the superstructure erected upon Einthoven 's assumptions 
grows more and more elaborate. 

^Ve have pre\’iously shown that differences in potential of ven- 
tricular origin between areas in the region about the root of the left 
arm are, with certain exceptions, much greater than those between 
corresponding areas on the right side.’- We proposed that, in the 
majority of .subjects, ventricular potential variations in the left arm 
are principally, but not entirely responsible for the ventricular 
pattern of Lead 1 .* Furthermore, with certain exceptions, the ven- 
tricular contour of Lead 1 was found to resemble that of CRs, 
although the amplitude of deflections in the chest lead was usually 
much greater than in Lead 1 . In some cases, the resemblance may 
be closer between Lead 1 and a CR Lead made to some position in 
the neighborhood of C 5 {i. c., C<i, Ce or a position slightly above and 
to the left of C5) than between Lead 1 and CR5 itself. If one moves 
the chest electrode from C 5 to positions successively nearer the left 
arm, the deflections diminish in amplitude, although the pattern 
remain.s much the same. 

These obser^-ations, based on studies of approximately 700 cases, 
suggested that potential variations in the left arm are deri\'ed 
mainly from electrical phenomena in those parts of the 'i'entricles 
responsible for potential variations in the neighborhood of the 
C 5 position. 

Since these observations were published we ha\-e made further 
studies. It has been found that if an electrode connected with the 
right arm lead wire is placed on the tip of the right acromial process 
and an electrode connected with the left arm lead wire is placed at 

* This statement does not apply to the auricular waves: in this paper we discuss 
ventricular effects only. 
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various positions along a line from the tip ol the right shoiihler to 
the Cl position (the arm being regarded as an electneally inter- 
mediate position lietween the ti]) of the shoidder and the axilla), the 
ventrieular complexes all shoAV the same general pattern as that of 



Fig. 1.— In tracings Ai, Aj, As, and At the right arm electrode was placed on the 
tip of the right acromial process. In Ai the left arm electrode was placed in the 
right axilla, in A- on the right chest just external to the pectoralis muscle, in As 
approximately half way between the root of the arm and the Ci position and in At 
on the Cl position. Note the similarity in contour of the ventricular complexes and 
increase in size of deflections as the Ci position is approached. 

In tracings Bi, Bs, Bs, and the right arm electrode was on the tip of the left 
acromial process. In Bi the left arm electrode was placed in the left axilla, in Bs 
on the left chest just external to the pectoralis muscle, in Bs approximately half way 
between the root of the arm and the Cs position and in B\ on the Cs position. Note 
the similarity in contour of the ventricular complexes and increase in size of deflec- 
tions as the Ci position is approached. The pattern, however, is quite different from 
that of the right side. 

Cl, C;, Cj, and Ci are tracings obtained by pairing various areas of the A and B 
sei-ics, using the same polarity as in Lead 1. In Ci the right and loft shoulders 
were paired, in C: the right and left axillte, in Cs areas intermediate between the roots 
of the arms and chest positions, and in Ci the chest positions Ci and Cs were paired. 
Note the similarity of all these tracings to Lead 1. In some cases, as is pointed out 
in the text, the close similarity in contour cannot bo maintained except by pairing 
areas at somewhat different levels. 

Tracings Bt, Dz, and Ds were obtained from a different patient. In Di (made 
simultaneously with Load 1) the electrodes were attached and the connections made 
as is shown in Figure 2, A. The balance of potential on the right side in accordance 


with the relationship, Pj, 


(Pa + Pc) 
o 


0, is shown. 


In Dz a similar balance of po- 


tentials on the left side is shown. In Di the “a” and “c” areas on the left side arc 
paired. 

Film speeds in .4, B, and C, 25 mm. per second; in D, 75 mm. per second. 


CRi (Fig. 1 , ,4i, ,4o, .Ja and Ai), the deflections becoming successively 
larger as the left arm electrode is moved to positions successively 
near the Ci position (sometimes even as near the ventricles as the 
Cc position). A similar study on the left side along a line from the 
tip of the left shoulder to the C, position with the upper and lower 
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t'lcclrodcs similarly connected yields tracings similar in pattern to 
each other (although far different from those obtained from the 
right side) with gradual increase in amjrlitude of deflections as the 
Cs position is airproachcd (Fig. 1, ii,, Bn, Bn and Bt). However, 
in order to obtain the best correlation on the left side, one may have 
to place the electrodes along a line to the C.) or Cc position, the 
direction probably depending on the size of the heart and its relation 
to the chest wall. Furthermore, in many cases the correlation on 
the left side does not hold to an area quite so near the heart as one 
of these C positions but stops somewhat above and to the left of Cs- 
After having performed the above experiments and having ascer- 
tained the most favorable line to follow on the left side, and the 
level to which tlie correlation holds, a series of tracings closely 
resembling Lead 1 (except for size of deflections) can be made by 
pairing various areas along the right-sided line (right arm electrode) 
with appropriate areas along the left-sided line (left arm electrode). 
In order to obtain the closest correlation with Lead 1, it may be 
necessary to pair areas at different levels on the two sides, the posi- 
tions being found by the method of trial and error. The electrode 
on the left must often be placed higher than the one on the right. 
The deflections tend to grow larger as the electrodes are moved to 
paired areas nearer the Ci and Cs positions (Fig. 1 , Ci, Co, Cn and Cd- 
The above studies suggested to us that the changes in potential 
of ventricular origin in the right arm are deri^'ed mainly from elec- 
trical phenomena whose sites are in the same parts of the heart as 
those responsible for the potential changes of the Ci position, just 
as the previous studies had suggested that the potential changes of 
the left arm are derived from electrical phenomena in the same parts 
of the heart responsible for the potential changes of the Cs position 
or some neighboring area. Furthermore, there appeared to be 
marked decrement in potential variation between the Ci position and 
the right shoulder and between the Cs position and the left shoulder. 

If the distribution of potential variations along a line from Ci to 
the right shoulder tip and from Cs to the left shoulder tip (the arm 
being electricallj’ intermediate between the axilla and shoulder tip) 
is what we have described it to be, it should be possible to find three 
positions along either of these lines—" a ”, a point nearest the Ci or Cs 
position ; “ c ”, a point furthest from the Ci or Cs position ; and " b ”, a 
point intermediate between “a” and "c”, which would be so related 
to one another that the difference in potential between area “b”, 
on the one hand, and the mean of the potentials of “a” and “c” 
on the other, would approximately equal zero for all instants of the 
ventricular cj^le. If we represent potential variation of cardiac- 
origin at any instant of ventricular activity by the letter P, and 
designate the areas by subscripts, this relationship can be expressed 
in the following form which can be tested galvanometrically: 


O 
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Fig. 2. — A, Position of api)licafion of electrodes and connections to demonstrate 


the relationship, Pb — 


(Pa + Pc) 
2 


0 (see Fig. 1, Di and Dz). B, Approximate posi- 


tions of electrodes and connections used in the test of Equation 4. The ri and li 
positions are found by exploration (see Fig. 3, Bi). C, Approximate positions of elec- 
trodes and connections used in Equation 0 (see Fig. 3, J3:). D, Approximate position 
of electrodes and connections used in Equation 7 (see Fig. 3, BA- E, Appro.ximate 
position of electrodes and connections used in the test of Equation 4 in which the Ci 
and Ci positions are included. The rb and lb positions are found by exploration 
(Fig. 3, Cl). F, Electrode positions and connections used to reproduce Lead 1 as 
shown in Equation S from positions at some distance from the heart (Fig. 3, BA- 
G, Electrode positions and connections used to reproduce Lead 1 (Fig. 3, Ci). This 
relationship is shown by the Equation, (P'la + P'rb) — (P'ra + P'lb) = P'lc — 
P'rc. which is derived from Equation 4 after substituting the subscripts a, b and c, 
for 1, 2 and 3 re.=ppctively (the principle is the same as that of Equation S (Fig. 2, F) 
but in this ca-uo the electrode positions arc much nearer to the heart.) 
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_ ^ arioiis coinhiimtioiis of jmsitions can i)e used to show this rela- 
tionship on cither side. Thus on the right side, the tip of the 
acromial proee.ss may he designated area “e”, an anterior axillary 
position area "h”, and a position halfway to C, tentative area “a”. 
Electrodes are placed on each of these areas and the one on area “ b ” 
connected with the right arm lead wire of the electrocardiograph. 
The wires to electrodes on positions “a” and “c” are interconnected 
after the interj)osition of .50,000 ohms resistance* in each, and con- 
nected with the left arm lead wire (Fig. 2, A). If the lead taken 
according to these arrangements shows ventricular deflection of any 
magnitude, the tentative “a” position is not the proper one to 
.satisfy the relationship and this electrode is mo\-ed either upward or 
downward along the line until the smallest possible deflections are 
obtained. An “a ” position can be found in which these are usually 
less than 1 mm. for the QRS complex (Fig. 1, Z), and Di). 

Such a result furnishes experimental confirmation for the state- 
ment previously made regarding the similarity of patterns of differ- 
ences of potential along these lines. In dealing with such intricate 
patterns as QRS comple.xes it would seem out of the question to 
assume that the differences of potential could be balanced in this 
way merely by coincidence. We therefore feel justified in stating 
that the patterns of differences of potential remain remarkably 
constant along each of these more or less radial lines from precordium 
to shoulder tips (although quite different on the two sides), but 
that decrement in potential variation seems to be considerable as 
distance from the heart increases. As a matter of fact, it is these 
characteristics which make possible the balancing of potential dif- 
ferences by this simple procedure. 

The above-mentioned relationships offer a new approach to the 
stud>' of electrocardiography, i. e., by the de^■elopment of a method 
for isolating certain patterns of ventricular potential variation which 
are present on the body surface. We shall assume that potentials 
of non-cardiac origin can be ignored with safety in electrocardiog- 
raphy. Our standard of reference for variations of potential of 
cardiac origin is an arbitrarily assumed base line of potential, upon 
which the cardiac potential is superimposed. It is not essential 
that this assumed base line of potential be identical for various 
paired areas, since differences which may be present are neutralized 
in the process of electrocardiography. It is obviously impossible to 
measure directly variations of potential of cardiac origin against 
this arbitrarily assumed constant potential. 

The term P which we have used in the relationship 


* Xn amplifier type electrocardiograph must be used when these high resistances 
are employed and the room must be shielded from alternating currents. 
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to designate ventricular potential may be considered to be composed 
of two possible components with reference to this arbitrarily as- 
sumed constant potential. One of these is that part of the potential 
variation of areas along the radial lines mentioned which is respon- 
sible for the pattern of differences of potential^ recorded between 
^farious paired areas situated along each of the lines. . This compo- 
nent of the potential which is balanced experimentally may be 
designated by the term P' with a subscript to represent the area. 
However, in addition to this P' pattern, there is a theoretical possi- 
bility of additional potential change in all the areas, which however 
unlike the P' pattern is not subject to decrement and is therefore 
the same in all the areas under consideration. Such potential may 
be designated “X”. The relationship 


may therefore be expressed as follows: 

(P, + X) - or 




It is obvious from the above that the actual value of the “X” 
potential does not influence the accuracy of the approximation 

since “X” has the same value at any instant in each of the .3 areas. 

However, in certain of the relationships to be discussed later in 
this paper the actual value of the “X” potential, if it exists, becomes 
a matter of importance. As will be shown by experimental data, 
there are a number of indications which suggest that it is non-existent. 
We shall therefore assume provisionally for purposes of clarifying 
the discussion, that it can be ignored but shall later consider its 
possible bearing on results. 

If three areas could be found with patterns of ventricular potential 
variation so related that at every instant the potential variation of 
one area equalled the sum of the potential variations of the other 
two, one could utilize this relationship to measure the potential 
variations of a fourth area. Thus, if we represent the ventricular 
potential for any instant l)y P' (as defined above) and if Areas 1, 2 
and 3 fulfilled the relationships e.xpressed above, this could be stated: 

F'l = P'c + P's ov P', - P', _ P', = 0 or P'l - (p', + P',) = 0 

If then we wish to measure the potential variations of the left leg 
or any other area, rve add this expression to both sides of the third 
equation without changing the equality. 

Thus: 


1P'> + Pi, .ft l,.d - IP': + P',] = Pieft 

J he value for the left side of this equation can be determined galvan- 
ometncally if the locations of Positions 1, 2 and 3 are known, and 
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since, according to the assumption, the values balance each other 
at every instant of time except for Picft Ior, the galvanometer can be 
made to record the j)otential variations of the left leg 'as indicated 
by the equation. 

_ The attempt to put the above principle into practice led to certain 
difficulties. Obviously the relationship P'j = P', -f- P',, cannot he 
tested galvanomctrically, .so that one still lacks a method for finding 
areas with such relationships even if they do exist. However, if 
two such combinations of areas could be discovered, one on the right 
and the other on the left, a galvanometric test of balance of cardiac 
potential variations could be made, although such a test would 
establish onl^' the correctness of the combined equation and not 
that of each component part. 

Our studies of the peripheral electrical field mentioned above have 
shown that combinations of three areas can be found, along either 
of the lines from the right or left chest position to the corresponding 
shoulder tip, whose relations are such that there is practically no 
difference of potential between one and the mco?? imteniial of the 
other two. We therefore attempted to find combinations of three 
positions along each line whose relationship is such that the potential 
variations of one area equals the sum. of the potential ^’ariations 
of the other two. If, on the right and left sides we designate the 
three hypothetical positions rj, r*, Ts and h, b, h respecti^^el.’is rj and 
h being nearest the heart, rg and b farthest away and rg and Ig the 
intermediate positions, the assumed relationships of their potential 
of A'entricular origin for any instant of time may be expressed as 
follows; 

(1) P'r, - (P'n + P'r,)= 0 

(2) P'l, - (P'l. + P'i.) - 0 

If Equation 1 be subtracted from Ecpiation 2 one obtains 

(3) [P'l, - (P'l, + P'i.)l - {P'n - <P'r= + P'r.)] = 0 

By rearrangement of terms 

(4) [P'l, + P'r, + P'rj - [P'r. + P'l, + P'|.| = 0 

In formulating the simple equations stated above we ha\'e had to 
make the assumption not only that the “X” potential is negligible, 
but that the decrement in ventricular potential in the areas under 
discussion is such that, as distance from the heart increases, varia- 
tions of ventricular potential from the arbitrarily assumed base 
line at the distal end of either line must not be more than half those 
at the proximal end. Therefore in our first test of Equation 4 it 
seemed best to choose Vg, r™, b and b positions far from the heart. 
Consequently, electrodes were attached to the tijj.s of each shoulder 
(ts and b positions) and to each arm (rg and k positions). The at- 
tempt was then made to find r, and b positions which in conjunction 
with these other four arbitrarily selected areas would satisfy Equa- 
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ti'oii 4. A tentative n position is chosen on the chest wall ahont 
hair way hctwccn tlic uttaclnncnt ol’ the right arm and the C, posi- 
tion, teiitative h about luili' way between the attachment of the Icl't 
arm and the €5 position and electrodes are fixed to these two areas. 
Wires from the electrodes on the three areas designated in the first 
bracket of Equation 4, after the interposition of 50,000 ohms resist- 
ance in each, are interconnected with the left arm lead wire of the 
galvanometer. Similar connections of the three areas designated in 
the second bracket of Equation 4 are made with the right arm lead 
wire (Fig. 2, B). The sensitivity of the galvanometer is standard- 
ized .so that 1 m.v. = 2 cm.* If difference of potential is found to 
exist between the two groups of areas (i. e., if there is an appreciable 
string deflection during ventricular systole), Equation 4 is not satis- 
fied. The next step, then, is to find by the process of trial and error 
the IT and h positions Avhich most nearly’’ satisfy the equation. This 
is done by exploring on the right side until an area is found which 
yields the smallest deflections with the electrocardiographic connec- 
tions described aiiove. This area now becomes tentative ri and is 
used in the next procedure which is to explore the left side until an 
area is found which yields the smallest possible deflections. This 
area is now designated h. The right side is then reexplored for 
minor corrections in ri position which best satisfy Equation 4 
(Fig. 3, B,), 

We have used the above procedure in 23 cases and have been 
able to balance the potential variations so that with the sensitivity 
mentioned above, deflections did not exceed 1 mm, at any time 
during the QRS complex. Ordinary chest electrodes 2.9 cm. in 
diameter were used. It is possible that if we had used smaller 
electrodes an even better experimental approximation to the pre- 
diction would have been obtained. The ri and h positions which 
yielded the best results for the QRS complexes were not always the 
identical ri and h positions which yielded the best results for the 
T wa's'es, possibly because of differences in position of the ventricles 
during these two phases of systole. Having found combinations of 
areas whose potential variations of ventricular origin balance each 
otlier in such a way as to satisfy Equation 4 with a close approxima- 
tion to accuracy, it is implicit in the results that Equation 3 must 
also be satisfied. This can be shown in the following way: The 
ventricular potential of an additional area such as that of the left 
leg may be added to each bracket without altering the -v’alue of the 
equation. Thus: 


(»> UPlcttlcK + E'l.) - (P'li + PT>)1 - UPleftlcfi + P'n) - (P'r! + P^)] = O' 


1 he \ allies for each of these brackets can be obtained galvano- 
metricalli'. Thus, in the case of the first bracket, electrodes are 


of 1 t„.v. = 3 not ...sort for tcrl.nS 
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applied on the designated areas and each eonneeted will) a wire in 
whieh d(),()()I) nlnns resistance is interposed. Beyoiid tlie resistances, 
the ^Yires to electrode jxisitiojis de.signated in tlie first parentlicsis 
arc interconnected with the left arm lead wire. Those in the second 
parenthesis, after the interposition in each of 50,000 ohms of re- 
sistance, are similarly interconnected with the right arm lead wire. 
The galvanometer is carefully .standardized .so that 1 m.v. = 2 cm. 
and a tracing made (Fig. 2, 1)). A similar procedure is then carried 
out in the case of tiie positions designated in the second bracket 
(Fig. 2, C). In all cases in which Equation 4 had been .satisfied, 
the patterns of \-entrieular deflections obtained by these two pro- 
cedures are with one exception* quite similar (Fig. 3, Ih and Ih)- 


Legend ran Fig. 3. 

Fig. 3, — Tr.icinRS obtnined from a patient several days after the development of 
acute posterior infarction. In the left column conventional loads are shown made 
with a film speed of 25 mm. per second. B, represents the balance of potentials 
obtained by the method of Equation 4 iisine positions far from the heart (see Fig. 2, B, 
for diagram of connections). C\ represents the balance of potentials obtained by the 
method of Equation 4 including positions near the heart (see Fig. 2, E). B- repre- 
sents the “left leg potential” obtained by the method of Equation 6 (see Fig. 2. C). 
Bi represents the “left log potential’* obtained by the method of Equation 7 (Fig. 2. 
2>). Cj represents the “loft leg potential” obtained by the method of Equation 6, 
using positions near the heart as shown in Figure 2, E (in this instance, the Ci posi- 
tion is used ns one df the areas for balancing the Ci pattern of potential). Cs repre- 
sents the “left leg potential" obtained by the method of Equation 7. using positions 
near the heart as shown in Figure 2, E (in this instance a position slightly above the 
Ct position is used as one of the areas for balancing the “Cs pattern'' of potential). 
B^ is the tracing obtained using the areas and connections indicated by the left side 
of Equation 8 (Fig. 2, F) taken simultaneously a-ith a tracing made according to the 
connections indicated in the right side of Equation S (which is Lead 1). Ci is the 
tracing obtained using the areas and connections indicated in the left side of the 
equation stated in the legend of Figure 2, (7, taken simultaneously with a tracing 
made according to the connections indicated in the right side of that equation (which 
is Lead 1). Bs represents r, — rj (Fig. 2, F). Cs represents ra — rt (Fig. 2, G?). 
Be represents b — L (Fig. 2, F). Cs represents la — lb (Fig. 2, G). B-, represents 
“right arm potential” obtained by the method of Equation 6, using positions distant 
from the heart (but analogous to method shown in Figure 2, C). C~. represents 

“right arm potential ” obtained by the method of Equation 6 in which the Ci position 
was one of the areas used (i. e., from positions near the heart). Bt represents "left 
arm potential ” obtained by the method of Equation 6, using positions distant from 
the heart. Cs represents “left arm potential" obtained by the method of Equation 6 
in which the Ci position was one of the areas used. 

According to the relationships stated in the text, Bs, B-, Cs and C: should be 
practically identical. All show very small deflections. However, verj' slight dis- 
crepancy or technical error may distort the pattern when the deflections are small 
as in the case of Cs and to a lesser extent Cr. Bi, Bi, Ci and Ci should be identical. 

In this group the pattern is well maintained because of larger deflections, despite the 
differences in the procedures by which the tracings were obtained. Bt and Cj should 
be practically identical and Be, Be, Ce and Cs should also be practically identical. 
The patterns are well maintained in both groups; the discrepancies in size of deflec- 
tions could have been corrected by slight readjustments in positions of electrodes. 

* When the deflections obtained by these procedures are extremely small the com- 
bination of technical error (which may be considerable in any one of a long series of 
experiments, each rather complex) plus admitted slight discrepancy between theory 
and e,xperimental findings, is sometimes great enough so that similarity of pattern 
kannof be demonstrated, (See Fig. 3, Bs and Cs, Br and Cr.) Such discrepancies 
are to he expected in dealing with areas of verj' slight potential vari.ation. 
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It is obvious from these relationships that Equations 1 and 2 are 
approximately correct and the potential negligible or each 
contains a similar error due to similar values of “X” potential in 
each. If thej' are correct, the two galvanometric procedures just 
described actually record the potential variations of the left leg. 



Fig. 3 


Ifi) (Pica Io« + PV) - (P'n + P'r.) = P,„f, leg 


(Pleft IcT + P'l.) - (P'l, + P',.) = 

Another relationslup implicit in the .satisfaction of K 
shown by tran-sposition of terms. Tims from Equation 
mg IS (sorived: 


quation 4 is 
4 the follow- 


(S) (P'l. + PV,) - (p'j, + Y>’r,) = P'l, _ 


PV 
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The value of P'l: — P'ri is obviously that of Lead 1 , since the b area 
is the left arm and the area is the right arm. This relationship 
can be tested by taking an electrocardiogram after disconnecting 
tlie right and left arm electrodes from the connections used in the 
test of Equation 4 (Fig. 2, F). It is found that, despite the fact 
that none of the four electrodes indicated in the left side of Equa- 
tion 8 is on either arm, the result obtained is practically identical 
with Lead 1 (Fig. 3, IL). 

From Equation S the following is obtained by rearrangement of 
terms; 

(9) (P'l, - P'l.) - (PV. - P’r.) = (P'l: - P'p). 

Equation 9 can be tested by recording the differences of potential of 
the areas in each parenthesis on the left side of the equation simul- 
taneously with Lead 1 (areas but not connections shown in Fig. 2, F). 
If Equations 1 and 2 are correct, P'l, — P'l, (Fig. 3, Be) must repre- 
sent the ventricular potential variations of the left arm and P'r, — P'r, 
(Fig. 3, Be) must represent the ventricular potential variations of 
the right arm. Practically identical patterns of potential variation 
are also obtained for the right arm and for the left arm by the use 
of the procedures indicated in Equations 6 and 7 (Fig. 3, B-; and Bs)- 

These studies obviously add further evidence to support the view 
e.xpressed earlier in the paper concerning the formation of the tradi- 
tional Lead 1 of the electrocardiogram irrespective of the value of 
“X” potential. Thus Lead 1 is formed by: (1) the pattern of 
potential variation of a chest position just outside the C, position 
which has undergone great decrement at a position so far away 
electrically from the heart as the left arm, minus (2) the pattern of 
potential variation of the Ci position which has also undergone 
great decrement at a position so far away electrically from the heart 
as the right arm. However, the results of our former stud^■ showed 
that usually (although not always) it is the potential pattern of the 
left arm which dominates Lead 1.‘- 

Our studies, however, have not proven that the “X” potential is 
negligible nor that we have succeeded in recording the ventricular 
potential variations of a single area. It is conceivable that a 
pattern of potential common to all six of the areas ri, rs, h, b and 
b may be present, which is not subject to the decrement of the Ci 
and Co patterns of potential and is therefore not recognized. If this 
were the case such a pattern could not be recognized by the pro- 
cedures used in this study and would therefore introduce a constant 
error in our attempts to measure the potential variations of a single 
area. Thus, it might be argued that when we utilize Equations G 
and 7 to measure the potential variations of the left leg, we may have 
balanced out of the equation the potential variations of the type 
subject to decrement in the “r” po.sitions and in the “1” positions, 
but not the “X” potential variation. The latter Avould have to be 
transmitted from electrical charges in some part of the heart in con- 
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tact with a good conductor such as muscle, so that no important 
differences in this pattern of potential would exist among any of 
the six areas. If this were the case, a part 
the potential variation which we ascribe to the leg would actually 

be derived from the upper part of the body,* 



Fig. 4.— a shows positions of application of electrodes on abdomen to show the 
presence of the Ci and Cs patterns of potential below the level of the diaphragm. 
Di shows the Cs pattern of potential recorded by the method of Equation 6. Bs is 
obtained by pairing the areas on the right side of the abdomen as shown in Diagram A. 
Note the resemblance of ventricular patterns. is the Cs pattern of potential ob- 
tained hj' the method of Equation G. B* was obtained by pairing the areas on the 
loft side of the abdomen as shown in Diagram A. Note the resemblance of ventricu- 
lar patterns except for a small S wave in Ba. (Film speed in all tracings 75 mm. per 
second.) 


vSoine preliminary studies of the part of the electrical field below 
the diaphragm have convinced us that the distribution of at least 
three different patterns of potential variation can be recognized in 
that part of the body. For such a demon.stration a patient is 
selected who presents the ty{)ical electrocardiogram of posterior 
infarction so that leads from each upper extremity to parts of the 
body ])elow the dia])hragm present certain identifiable common 
characteristics. If a tracing is made with the left arm lead wire 

* If "X" potential is not ignored. Equation G must be written as follows: 

(Plctt leg *b P'ri + N) — (P'j, X -f P'r, -f X) = Pjeft leg ~ X 
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electrode on the ii})per abdomen below the Ci position and the right 
arm lead wire electrode on the lower part of the right flank, a tracing 
can be obtained in which the deflections are very small but in which 
the similarity in contour to those obtained along the line from Cj 
to the toj) of the right shoulder can be recognized (Fig. 4, A, Bt and 
Bi). This seems to mean that the (h pattern of potential is rather 
feebly distributed over the right side of the abdomen with decrement 
as distance from the heart increases. If a similar lead is made from 
the left upper abdomen below the ('5 position to the left flank, the 
similarity in contour to the leads made along the line from C5 to 
the top of the left shoulder can also be recognized (Fig. 4, A, Bx 
and BA- This appears to mean that the C., pattern of potential is 
also rather feebly distributed down the left side of the abdomen with 
decrement as distance from the heart increases. These phenomena, 
howe\'er, are apt to be overlooked in tracings between the right arm 
and various lower parts of the body, even in cases with posterior 
infarction, since the pattern is dominated by the potential varia- 
tions presumably derived from the area of injury and subject to 
little decrement on the body surface below the diaphragm (Fig. 4, 
Lead 2). 

In view of the apparent variability in decrement of the various 
component units which make up the potential variations of areas 
in the lower part of the body, we attempted to test Equation 4 by 
including positions as near to the heart as possible, in order to 
obtain information as to whether this state of affairs might exist in 
the upper part of the body. Our previous findings indicated that 
it should be possible to satisfy Equation 4, using such positions,' 
provided decrement in potential variation between the chest and 
arm positions on each side is sufficiently great. Furthermore, if 
Equation 4 could be satisfied using positions, some of which are 
near the heart, and if identical results could be obtained in Equa- 
tions 6 and 7, we should have to conclude that either Equations 1 
and 2 are correct, or the “X” potential variation, not reflected in 
the previous studies (because it was identical at the six positions 
pre\dously used), is also present and of the same size at areas so 
near the heart as the Ci and C5 positions. In order to avoid confu- 
sion in terminology when using areas near the heart, the three areas 
on the right side are designated Va, Vb and Vc, and the three areas on 
the left side, L, L and L, ra and !„ being the areas nearest the heart, 

I’b and lb the intermediate areas, and r^ and L the areas furthest from 
the heart. Thus, in the’ series of equations which have been formu- 
lated Ta and la can be substituted for ri and h; rb and L for ro and k; 
and Tc and L for 1-3 and b respectively. Electrodes were placed on 
the arms (in this instance areas Tc and L), on the (h and Cs positions 
(in this instance areas and L) and on intermediate positions be- 
tween the attachments of the arms and the C positions (tentati\'c 
areas rb and lb)- The method used was that described pre\'iousiy 
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cxecpt Unit the intermediately placed electrodes were use(l to ex- 
])lore (h'ig. 2, /’.’)• The approximate satisfaction of h>qnation -i is 
technically much more difficult when these positions are used than 
when all the electrodes are placed a considerable distance away from 
the heart. The sources of difficulty we have encountered have been 
as follows: On the right side, difficulties all seem to have to do with 
decrement in potential variations between the Ci position and the 
right arm. Thus, in many cases, the potential A^ariations of the 
right arm seem to be practically negligible and under these circum- 
stances the Tb position is found to be so close to the ra (Ci) position 
that the electrodes could not be placed on these two positions with- 
out touching each other. In others, potential variations of. the 
right arm may be greater than half those of the Ci position so that 
no intermediate point will satisfy the equation. Under these cir- 
cumstances, the equation can occasionally be satisfied by moving the 
electrode from an intermediate position to the top of the right 
shoulder. On the left side, similar difficulties may be encountered 
because of rate of decrement in potential variations, but in addition, 
the direction of the line extending downward and inward from the 
shoulder, along which electrodes can be placed to satisfy the equa- 
tion, becomes a matter of importance. This line usually extends 
down to a position just outside the cardiac apex. Occasionally the 
equation cannot be satisfied by having the b position at the level 
of Cs but can be satisfied by placing it a few centimeters higher. 
Another source of difficulty is the relatively great potential variation 
at positions so near the heart, so that moving an electrode only a 
few millimeters may make considerable difference in results. How- 
e\'er, e\'en witli all these difficulties, a reasonably close approxima- 
tion to Equation 4 can be obtained by using positions near the heart 
as well as by using positions further from the heart. 

Having satisfied Equation 4, with positions near the heart (Fig. .3, 
(\), the various other procedures mentioned previously, which are 
implicit in this relationship, can be carried out with similar results. 
T'luis, after finding the areas which satisfy Equation 4 (Fig. 2, E), we 
ol)tain, by disconnecting the electrodes attached to the arms (Fig. 2, 
b'), a tracing resembling Lead 1 (Fig. 3, Ci) despite the fact that the 
four positions used in making the tracing may be quite distant from 
either arm, and at least 2 of them very close to the heart. 

The results of the procedures indicated by Eejuations 6 and 7 for 
the determination of “potential A-ariations of a single area” are found 
to be i)ractically the same when the above combinations of areas 
are used, as in the case of combinations of areas all of which were 
further away from the heart (Fig. 3, C, and C,). Since in this test 
the arms are designated areas Tc and L, we rearrange terms of liqua- 
tion 0 (using the appropriate subscripts for this combination of 
area.s) thus: 

(10) (P',„ - P'„,) - - P'rl.) = P'lc - P'„. 
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Tn this ■instance P'l,, — P'^ represents tlie flifFerence in ])otcntiaI 
helween tiie left and rif,dit arms, i. e., I,ead 1. Tlie value of P'l, - 
P^ii) (Pigs. 2, 6', and d, CV.) is found galvanoinetrically to be similar 
to that of P'l. - P'l, (Figs. 2, F, and 3, Ih) of Equation 9 despite the 
marked differences in position of the areas. Likewise P'm - P'rb 
(Figs. 2, G, and 3, Cs) is found to be similar to P'r, — P'r, (Figs. 2, F, 
and 3,7^0.* 


Discussion. The demonstration, (1) that certain patterns of ven- 
tricular potential variation are present throughout certain body 
surface areas located along more or less radial lines from the pre- 
cordium to the shoulder tip, (2) that they are subject to decrement 
as distance from the heart increases, thus permitting a balance of 
the potential variations of one position within a given area (with 
approximate accuracj') against those of two other positions within 
the same area, and 3, that there are certain other phenomena which 
depend on these relationships, indicates the advisability of reexam- 
ining prevailing concepts regarding the distribution of potential of 
cardiac origin on the bod 3 ’ surface. 

In a system so complex as the human body, composed of many 
different tissues (membranes, muscle sheets and muscle bundles, 
bone, fat, lungs, digestive tract and skin), with their different elec- 
trical properties, it would seem difficult to justify continued adher- 
ence to simplifying assumptions Avhich ignore this state of affairs. A 
sounder course of procedure w'ould have been an attempt to establish 
the possible limits of error of such assumptions. If they are as 
untenable as our experimental work suggests, the subject of cardige 
potential distribution at body surface areas some distance from the 
heart requires reinvestigation. 

"i^Tien electrograms are made with one electrode directly on heart 
muscle or separated from it only by the thin layer of epicardium, 
the fundamentally important work of Lewis’’* indicates that the 
major wave of negativity, or the so-called intrinsic deflection of the 
QRS complex, is due to the arrival of the excitatory process in the 
subepicardial muscle directly under the electrode. The pre-intrinsic 
deflection which is positive is derived, according to Lewis, from some 
deep lying mass of muscle tissue. Lewis showed that the pre- 
intrinsic deflections begin all over the A>-entricular surface at nearly 
the same time, and that the time at which they are recorded over 
the right ventricle is not disturbed even after transection of the 
right bundle branch (although the arrival of the intrinsic deflection 
is delayed by this procedure). He concluded therefore that pre- 
intrinsic deflections recorded from an electrode over the right ven- 
tricle may represent the passage of an excitation wave through 
portions of the left ventricle. Furthermore, Lewis’ experiments 
showed that, when the positive pre-intrinsic deflections were recorded 
at the epicardium, negativity was present in an electrode placed on 


* Such disorepuncies as are present are clue chiefly fo technical errors. 
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the cndocaraiiim. Wilson‘« who has also performed experiments 
bearinj? on this subject has found, in agreement witli Lewis’ endo- 
cardial leads, that tlie ])otcntia.l of the ventricular cavity with 
reference to any area distant from the heart falls at the beginning 
of the QRS complex. Thus it would appear to be clearly estab- 
lished tliat negativity in deeper layers of the myocardium with 
reference to the potential of a point distant frpm the heart may 
occur at the same time as positivity of the epicardium with reference 
to the same point. This phenomenon, which is undoubtedly one 
of major importance in electrocardiography, for which various 
explanations have been proposed which need not concern us here, 
is an indication of the complexity of the problem of potential 
distribution. 

When the electrode is moved from the heart to the chest wall 
directly overlying the heart, the factors determining potential varia- 
tion have somewhat different relative importance despite the fact 
that, when the heart muscle is healthy, the QRS pattern resembles 
that of the epicardial electrogram with pre-intrinsic, intrinsic and 
post-intrinsic deflections, and the T wave remains upright. In the 
first place, electrical activity of any kind within the heart may be 
expected to produce much less effect on the chest walls than on the 
epicardium. In the second place, it is probable that the effect upon 
the epicardial electrode is that produced in a small volume of the 
heart near the electrode. The potential difference between a pre- 
cordial electrode and some other (skin) electrode is on the other hand 
most probably determined by electrical phenomena in a volume of 
tlie heart considerably larger than that which contributes most to the 
corresponding potential difference for an epicardial electrode. Thus, 
when two chest leads are made from positions directly over the ven- 
tricle, it seems useful to assume that the potential difference between 
than is determined in large part by electrical phenomena within cer- 
tain volumes of the heart. The effect of a particular small volume of 
the heart upon the difference of potential between the electrodes will 
depend upon many factors: A, The areas of the skin covered by 
the electrodes, B, The distances of the particular volume from 
the electrodes. C, The orientation of muscle fibers in which the 
phenomena arise, with respect to the electrodes. D, The electrical 
projierties of the intervening tissues. 

Everyone lyho has had experience with multiple chest leads knows 
tliat change in the pattern maj^ occur as the exploring chest elec- 
trode is moved from one position to another near by. Furthermore, 
when a lesion is present in the anterior wall of the left ventricle and 
Js reflected by a pathologic pattern of potential variation, maxi- 
mum at a certain area on the precordium, the pattern in adjacent 
areas is probably also influenced by the lesion. However, at some 
distance from tlie precorclial region of maximum abnormalitv tlie 
electrical eftects derived from a part of the ventricle with a normal 

voi.. 003, NO. r>.— “MXY, 1942 22 
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ardiikTlurc niay so overshadow the ed'eets IVoiii the ahiiormal 
region that the pattern of ])otentiai variation heeonies of the normal 
type. This does not necessarily mean that no effect is being regis- 
tered from the area of the lesion, l)nt merely that the effect is not 
great enough to produce a pathologic pattern. 



Fig. 5. — The tracings in the left column were obtained from a presumably normal 
control. Ai, At and At are esophageal leads in which the esophageal electrode is 
connected n-ith the left arm lead -n-ire and paired ^inth the right arm electrode on the 
right arm. In A\ the esophageal electrode was below the auricular level. Note the 
similarity of the ventricular deflections to those of Leads 2 and CTfs. In At the 
esophageal electrode was pulled upward about 3 cm. to the auricular level. Note 
the large P wave and the reversal of ventricular pattern to the so-called endocardial 
type. In At the electrode has been pulled upward about 3 cm. above the auricular 
level. 

The tracings in the right column were obtained from a patient in the healed stage 
of posterior infarction. Bt, Bt and Bt were made with the esophageal electrode in 
positions similar to those of jli. At and Jlj. respectivelj-. Note that there is a marked 
difference in ventricular pattern from that of the healthy heart below the auricular 
level but not at the auricular level. (Film speed. 75 mm. per second.) 

The normal pattern of potential variation in the lower e.sophagu.s 
seems to be much like that recorded from the anterior che.st wall 
(Fig. o, Ai and CR.5). However, as the esophageal elcctrorlc is 
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moved gradually upward there may be a startliiig re\mrsal of pattern 
with an initial large wa^m of negativity in the QRS complex and an 
inverted T wave (Fig. 5 , /U), much like the pattern found anteriorly 
over an area of infarction. In view of the type of endocardial 
pattern found by Lewis^-® one might raise the question, as Brown^ 
has done, whether an electrode lying in the neighborhood of the 
auricles (or even higher in the esophagus) may not tap the^ endo- 
cardial potential more than that of the epicardium. The impor- 
tance of this esophageal pattern on the ^^entricula^ potential of 
various body surface areas cannot be evaluated at this time but- it 
might be considerable in certain areas. 

While there is a constantly changing contour in the pattern of 
])otential variation as an exploring chest electrode is moved from 
one position to another directly over the ventricles, the contour 
over certain other parts of the chest, as has been demonstrated in 
this paper, does not change materially. Thus from chest positions 
not directly overlying the ventricles but not far away, patterns of 
potential variation are obtained on each side, which as we have 
shown, remain practically constant (subject only to decrement as 
distance from the heart increases) along radial lines extending as 
far away from the heart as the tip of each shoulder. We have no 
satisfactory explanation for these observations. Obviously the body 
is not functioning with reference to these areas as a homogeneous 
fluid conductor surrounding the heart. One is reminded of the 
interesting suggestion of Eyster, Maresh and Ivrasno® that certain 
tissues (possibly in this case the lungs) may function as “leaky 
electrostatic condensers” for certain parts of the heart in close 
relationship with them. 

Since our studies have shown that Lead 1 represents the result of 
subtracting the Ci pattern of potential (derived chiefly from one 
jiart of the heart), from the C5 pattern* (derived chiefly from 
another part of the heart) after each has undergone the decrement 
between its C position and the corresponding arm, the rather dubious 
scientific standing of Lead 1 becomes apparent. The possible ad- 
^•antages of studying separately the Ci and C5 patterns rather than 
Lead 1 arc obvious. Adherents to Einthoven’s views must neces- 
sarily think that Lead 1 is extremely important. However, since 
we have shown that the potential patterns which are subtracted from 
one another to produce Lead 1 are derived mainly from different 
parts of the heart, it would appear that the contour k the deflections 
of Lead 1 should have less significance than those of the Ci and Cs 
patterns considered separately. Another objection to Lead 1 is 
the fact that its contour is affected by certain factors which have 
nothing to do with the arrangement and magnitude of the electrical 


* Tlie term “C; pattern” is used for convenienee. We have pointed out that in 

X position on the precordium may he the area which 
cu es a pattern correspondmK more closelv to that of the left arm * 
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disturbances in the heart itself, i. e., such factors as the electrical 
])roperties of the pathways between certain parts of the heart and 
the arms.* Thus far, we have not found additional advantage to 
be gained from Lead 1 , yet the question may deserve further study. 

Differences of potential between electrodes one of which is placed 
on the lower part of the bodj' seem even more difficult to analyze 
than those obtained from two electrodes placed on upper parts of 
the body. It will require many more obser\'^ations than have as 
yet been made, before they are well understood. We have shown 
that the Ci and Cs patterns can be demonstrated on certain parts of 
the abdomen and it is therefore probable that these (and possibly 
other anterior chest patterns) have some influence upon the poten- 
tial variations of the legs. However, in a variety of electrocardio- 
graphic abnormalities, but especially in so-called posterior infarc- 
tion, the altered electrical phenomena due to cardiac damage often 
appear to have an important influence on the potential variations 
of the lower part of the body surface and little observable influence 
above the diaphragm. In patients with posterior infarction, leads 
made between ^’arious paired areas both of which are above the dia- 
phragm (such as Lead 1 or even a lead between C 5 and Ci) are apt 
to show little or no change from the normal; whereas in anterior 
infarction, leads from paired areas above the diaphragm often show 
marked abnormalities. However, when one electrode is placed 
below the level of the diaphragm, in a patient with posterior infarc- 
tion, a pathologic pattern may be obtained. 

It is obvious that the pathologic pattern of potential in posterior 
infarction must be derived from the changes in electrical activity 
produced by the lesion. The nearest fixed point to such a lesion 
where an electrode can be placed in a patient is in the lower end of 
the esophagus. Various workers^ have observed that when one 
electrode is placed in the lower esophagus, tracings can be obtained 
in cases of posterior infarction which show a definitely pathologic 
pattern. We have confirmed this observation (unpublished studies) 
and have studied the esophageal pattern by the methods of Equa- 
tions 6 and 7 in 2 cases of healed posterior infarction. As compared 
with normals, initial negativity of the electrode in the lower esoph- 
agus during the QRS complex is apt to be greatly increased, its dura- 
tion lengthened and the succeeding wave of positivity does not rise 
nearly so far above the isoelectric line (Fig. 5, Bi). Likewise there 
is negativity of the esophageal electrode during the inscription of 
the T wave, f These pathologic potential variations are much greater 
than any which can be obtained from the body surface in such cases. 

At the present time one can merely speculate as to the major 

* TIio importance of patlnvaj'S witliin the chest can 1)0 (iemonstrated in patient.') 
with temporary pnenniothorax or Jiydrothorax. 

t The position of the electrode must Ije determined tinder fluoroscopic control m 
order to be certain that it is low in the esophagus. As stated above, in positions 
only a few centimeters higher, normals may show a similar pattern (Fig. o, A:)- 
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source of ventricular potential on the lower part of the body surface. 
With the limited data in our possession we are inclined to the view 
that the part of the heart responsible for potential variation in the 
lower end of the esophagus is likewise responsible for an important 
part of the potential variation of the lower part of the body. Cer- 
tainly the changes in lower esophageal leads and in leads made to 
positions below the diaphragm when posterior infarction is present, 
would support such a view. However, there is as yet no method 
for separating the “esophageal” pattern from the other patterns 
such as the Ci and C5 types in the lower part of the body, since we 
are unable to quantitate the values of the anterior chest patterns 
in these regions. 

At least two attempts to register the potential variations of a 
single area have been recorded in the literature. The method of 
Wilson as is stated by the author, requires an assumption of the 
validity of the equilateral triangle hypothesis which our work, as 
well as that of Eyster^ and Katz® has shown to be untenable. The 
immersion method of Molz® requires the untested assumption that 
the potential of a salt solution bath in contact with the external 
body surface remains constant throughout cardiac contraction. In 
view of, (1) the structure of the body with surfaces in the lungs and 
gastro-intestinal tract which cannot be brought into contact with 
the salt solution, and (2) the different electrical properties of the 
various tissues, it would be naive to adopt such an assumption 
merely because it might hold in case of a technically perfect experi- 
ment dealing with homogeneous material of such nature that differ- 
ences of potential between points could develop only on the surface 
which is in contact with the salt solution. 


We have pointed out above that, provided an assumption is made, 
Equations 6 and 7 may be used to record the potential variations of 
a single area with approximate accuracy. This assumption is that 
no hidden pattern of potential variation is present in the various 
areas which were used as electrode positions in Equation 4. AVe 
have shown that if such a hidden pattern is present, it must be 
practically identical not only at both the Cj and C5 positions but at 
all other positions along each of the lines extending from Ci to the 
tip of the right shoulder, and from C5 to the left shoulder. Its 
distribution would therefore have to be through excellent conductors 
and entirely different from that of the Ci and Cs types of potential. 
This would seem to us to mean that this hypothetical “X” potential 
would have to arise from other parts of the heart than tliose from 
winch the Ci and Cs patterns are derived. AVe do not, however 
make the assumjition that “X” potential is negligihle even though 
there is reason to believe that such is tlie case. 

h Jually , It might he worthwhile to try to evaluate the new methods 
described in this paper. If there is no “ X ” potential, and if, there- 
lore, we are able to measure, by means of Equations 8 and 7, the 
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l)otential variations of any given area on the body surface, the 
clarification of electrocardiographic conceptions which would result 
is obvious. Any given lead could be broken down into its two major 
components, which heretofore liave been fused together indistin- 
guishably. However, even if there is an “X” potential, some 
simplification may be attained. The principle may be discussed by 
taking Lead 2 as an example. For our present purposes, this lead 
may be considered as made up of three groups of potentials: (a) the 
“X” potential; (b) the Ci pattern which has undergone decrement 
at a position so far away from the heart electrically as the right arm; 
and, (c) the potential A'ariations of the left leg. By means of Equa- 
tions 6 and 7, one group of variables, b, can be eliminated, and the 
tracing obtained will consist of only two groups of A’ariables instead 
of three. Thus, if one desires to study the potential variations of 
the left leg, he can do it more accurately bj' means of Equations G 
and 7, than by means of Lead 2 . So far as we are aware, this 
represents the first attempt to eliminate variables from electro- 
cardiographic tracings which has not depended upon assumptions 
of questionable validity. 

Summary. 1. Electrocardiograms made between small areas 
situated along a line drawn from the Ci position to the tip of the 
right acromion (the right arm being regarded as an electrically 
intermediate position between the tip of the acromion and the 
axilla) all show a ventricular contour similar to Lead CRj, provided 
the same polarity is used in all these leads as in CRi. This we 
have called the Ci pattern of potential. The size of the deflections 
seems to be related to : ( 1 ) the potential variations at the Ci position ; 
(2) the distance of the paired areas from the heart; and, (.3) their 
distance from each other. 

2. Electrocardiograms made between small areas situated along 
a line drawn from a position slightly outside the cardiac apex to the 
tip of the left acromion (the left arm being regarded as an electrically 
intermediate position between the tip of the acromion and the axilla) 
all show a ventricular contour similar to that of the CL Lead made 
to the position just outside the cardiac apex, pro\-ided the same 
polarity is used in all these leads as in the CL Lead. This we have 
called the Cs pattern, although it may be derived from the C 4 or Cc 
position, depending on the relation of the cardiac apex to the chest 
wall. The size of the deflections seems to be related to: (1) the 
potential variations at the C 5 position; ( 2 ) the distance of the paired 
areas from the heart; and, (3) their distance from each other. 

3. By pairing appropriate areas along each of these two lines and 
making electrocardiograms with the same polarity as in Lead L a 
series of tracings closely resembling Lead 1 can be obtained. The 
deflections become larger as the paired areas approach the Cj aiui ( 


positions. 

4. Various 


combinations of three positions can be found along 
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each of (iicso Iwo lines whose reljitioiiships are such llint tin' icii- 
tricular poteutiai of the interinediale position is approxinuiteiy equal 
at all instants to the meim of the ventricular potentials of the 

proximal and distal positions. t • i i 

5. The above-mentioned findings suggest that_ there is marked 
decrement in the Ci pattern between the Ci position and the right 
shoulder and also marked decrement in the “Cg pattern” between 
the position just outside the cardiac apex and the left shoulder. 
However, there appears to be very little alteration in contour of 
either pattern along these radial lines from the precordiura to 
shoulder tip. 

6. By methods described in the text, combinations of three posi- 
tions can be found along each of the two lines, whose relationships 
are such that the swn of the imntricular potential of the area nearest 
to the heart along one line plus that of the two areas further from 
the heart on the other line is approximately equal at all instants to 
the swn of the potentials of the other three areas. Furthermore, 
when such positions have been found, the relationships of the three 
areas on each side are such that the potential of .the proximal area 
minus the sum of the potentials of the two distal areas on one side 
is approximately equal at all instants to the potential of the proximal 
area minus the sum of the potentials of the two distal areas on the 
other side. 

7. On the basis of the above-mentioned relationfehips, thefollowing 
may be demonstrated: 

A. Lead 1 can be reproduced by the application of electrodes to 
various combinations of four chest positions without electrodes on 
either arm. 

B. Either the Ci pattern of potential is almost completely 
responsible for the potential variations of the right arm and the 
‘‘(k pattern” of potential is almost completely responsible for the 
potential variations of the left arm, or else there is an additional 
])attcrn of potential variation common to all these areas which is not 
reflected in the tracings because it is identical at areas so near the 
heaiT as the Ci and C.? positions, and so far away as the right arm 
or tip of the right shoulder and the left arm or the tip of the left 
.shoulder. 


C\ Xo matter which of the above alternatives is correct, Lead 1 
icpresents the subtraction of the C i pattern of potential variatioij 
after it has undergone decrement, from the “Cg pattern” after it 
has also undergone decrement. 

]>. If the first alternative stated above in “B” is correct, a 
mcthoil can be devised for recording the potential ^•ariations’ of 
ventricular origin in a single area. If the second alternative is 
correct, the method as describeil records the potential r^ariations of a 
single area minus the hypothetical concealed pattern of potential 
common to all the areas mentioned in “B”. Thus, no matter 
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wJlicli alternative is correct, the study of potential patterns can be 
sinijilified by the elimination of the oliscnrinu elfects of the ('i and 
iJatterns” present in upper parts of the body. 

8. The iiresence of the Ci and “C5 iiatterns” of potential can be 
demonstrated below the diaphragm by appropriate methods. No 
test was made for other anterior chest patterns. The rather scanty 
evidence now available, however, indicates that a pattern or patterns 
of potential which seem to exert comparatively feeble effects above 
the diaphragm (at least in the formation of the Ci and Cs patterns) 
influence greatly either the potential variation of the lower part of 
the body or the hypothetical concealed potential not subject to 
decrement in the upper part of the body. From the praetieal point 
of view it would appear to make little difference which of these 
alternatives is correct. 

9. Limited studies of the lower esopliageal pattern of potential 
(below the level at which the electrode is in close contact with 
auricular muscle) suggest that the part of the heart responsible for 
tills pattern has a marked effect on the form of the ventricular 
electrocardiogram when an area above the diaphragm (at some dis- 
tance from the precordium) is paired with an area below the dia- 
phragm. 

10. The pattern of esophageal potential, at and above the level 
where the electrode is in close proximity to auricular muscle, 
resembles that wliich has been described as the endocardial pattern 
of potential variation more closely than it resembles the epicardial 
pattern. The effects of this pattern are probablj^ not entirely 
negligible on the body surface. 

11. The relationships among potential differences on the body 
surface resulting from cardiac electrical activity appear to be differ- 
ent from what Einthoven conceived them to be when he formulated 
the equilateral triangle hypothesis. The demonstration that certain 
patterns of potential variation found to exist in positions near the 
heart remain intact in positions far from the heart, except for 
decrement, and the relationships discovered as a result of these 
phenomena indicate the necessity for reconstructing electrocardio- 
graphic theorJ^ An attempt has been made to begin this recon- 
struction. 


We wish to thank Dr. J. Harold Austin, John H. Musser Professor of Research 
•Medicine, Sehool of Medicine, and Dr. S. Reid WaiTen, Jr., Assistant Professor of 
Electrical Engineering, Moore School of Electrical Engineering, University of Penn- 
sylvania, for valuable advice and criticism. 
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A CLINICO-PATHOLOGIC CORRELATION BETWEEN HEPATIC 
DAMAGE AND THE PLASMA PROTHROMBIN 
CONCENTRATION 

By N. j. Sweet, M.D., 

RESIDENT PHYSICIAN, SAN FRANCISCO HOSPITAL, 

S. P. Lucia, M.D., 

ASSOCIATE PROFESSOR OF MEDICINE, 

AND 

P. M. Aggeler, M.D., 

INSTRUCTOR IN PREVENTIVE .MEDICINE, UNIVERSITY OF CALIFORNIA MEDICAL SCHOOL, 

SAN FRANCISCO, CALIF. 

(From the Department of Medicine, University of California Medical School) 

Experimental data®"* *"” indicate that the liver is concerned in 
the production of prothrombin, and it has been suggested that the 
concentration of prothrombin in the plasma might he used, under 
certain circumstances, as a test of hepatic function. In patients 
suffering from damage to the liver, it has been observed that the 
concentration of prothrombin is usually diminished, and that it 
cannot be elevated by the administration of vitamin In mo.st 
of the instances reported, the estimation of hepatic damage has been 
based solely on clinical evidence. In the present investigation, the 
determination of damage to the liver was ascertained by histo- 
pathologic study of material obtained at operation or at autopsy. 

The prothrombin concentration was determined by the method 
of Quick." A concentration of 70% or greater was considered nor- 
mal, since that value occurred in 98 of 100 normal subjects tested in 
our laboratory. In all patients with e.\trahepatic biliary obstruc- 
tion, the recorded value of the prothrombin concentration was that 
obtained after the administration of an adequate dose of vitamin K. 
Details regarding the clinical course and response to vitamin K in 
many of these patients are recorded in previous communications.* 

report was selected from patients in whom a 
e hmcal diagnosis of disease of the liver was made, and some in whom 
there was no clinical evidence of hepatic damage. Patients in whom 
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the protiiroinbin concentrations were obtained within 1 day of death 
were included in the study because the results of these tests were in 
all instances consistent with previous determinations made on these 
same patients. We }m\’e not observed in any patient ei'idences of 
any specific agonal physiologic alterations in the prothrombin con- 
centration. Xo case was included in this study where the last 
jirothrombin concentration had been determined more than 30 clays 
before death or operation. A further exclusion was made of all 
cases in which the clinical course or autopsy findings clearly indi- 
cated that the pathologic alterations observed in the liver were 
initiated or had progressed markedly subsequent to the last deter- 
mination of the prothrombin concentration. An instance of this 
type of exclusion is that of the following case of a woman, aged 
54, who dex'eloped a fulminating postoperative infection (B. ivelchii) 
of the liver and died within 24 hours; the infection had obviously 
occurred after the last determination of the protljrombin concentra- 
tion which had been done on the day before operation. 

In the 8 patients obserc'ed at tlie time of operation, a biopsy was 
taken and detailed notes were recorded of the gross appearance of 
the liver. In the 34 instances where autopsies were obtained, the 
gross appearance of the liver was recorded, and sections from many 
areas were obtained for histopathologic examination. An attempt 
was made to determine the relationship between the plasma pro- 
thrombin concentration and the type and extent of the pathologic 
processes observed. In each instance the pathologist designated 
the major histopathologic change, and estimated its severity with- 
out a knowledge of the prothrombin concentration. 

Our results are given in Table 1. The prothrombin concentration 
was normal in 20 instances. Of these, 8 had no demonstrable 
damage to the liver, 3 had slight focal necrosis, 1 had slight passive 
congestion, 1 had marked fatty infiltration, 3 had choiangeitis, 3 had 
slight portal cirrhosis, and 1 was diagnosed “hepatoma.” In 22 in- 
stances the prothrombin concentration was diminished. Of these, 

8 had %mrious types of cirrhosis, 6 had primary or metastatic car- 
cinomata, 4 had fatty infiltration, 2 had subacute yellow atrophy, 

1 had miliary tuberculosis, and 1 was diagnosed as having “slight 
leukemic infiltration.” In general, the prothrombin concentration 
was normal when there was little or no destruction of parenchymal 
tissue, and it was diminished when there Avas moderate or adA'anced 
destruction of parenchymal tissue. There were 2 subjects ivho dcA'i- 
ated markedly from this rule. In 1 subject (Case 35) with extensive 
destruction of the liver by infiltrating hepatoma, the prothrombin 
concentration lA'as 70%. In another subject (Case 42) Avith only 
slight leukemic infiltration, the prothrombin concentration 2 days 
before de.ith AA'as 40%. Subsequently a 50 mg. dose of jditliioco! 
administered intraA’enousl.A' Avas without efi'ect. Three lioiins before 
death the prothrombin concentration had dropped to 25%.- 
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Chancjes. 

Protlnombin 

concentration. 


No. 

Akc. 

Sex. 

%. 

Time 
before 
atitop.sy 
or Ijiopsy 
Clays). 

.Aulop.sy, 
br.s. poht- 
mortem. 

1 

2 

07 

1' 

]•' 

70 

4 

) 

3 

0.7 

100 

1 

Biopsy 

3 

30 

M 

100 

0 

1 

4 

31 

M 

]' 

00 

1 

Biopsy 


38 

100 

1 

Biopsy 

f, 

.")8 

M 

80 

4 

2 

7 

30 

31 

100 

C 

9 

8 

09 

M 

85 

4 

31 

fl 

38 

F 

70 

13 

25 

10 

03 

K 

90 

1 

1 

]] 

21 

F 

70 

8 

10 

12 

.73 

M 

70 

20 

10 

13 

01 

M 

05 

r> 

14 

H 

.71 

]■’ 

.75 

t 

j 

9 

1.^ 

28 

M 

05 

0 

4 

10 

.70 


00 

4 

145 

17 

40 

I’ 

70 

4 

0 

18 

0.7 

!•' 

75 

1 

45 

HI 

01 

]■' 

70 

7 

10 

20 

47 

F 

80 

30 

18 

21 

34 

M 

.75 

4 

15 

22 

13 

!•' 

35 

9 

Biopsy 

23 

20 

1‘ 

40 

8 

Biopsy 

24 

49 

M 

00 

27 

U 

20 

29 

1' 

70 

1 

10 

20 

.77 

1' 

90 

1 

Biopsy 

27 

32 

M 

05 

3 

Biopsy 

28 

.70 

M 

40 

2 

1 

29 

42 

F 

90 

11 

Biopsj- 

30 

37 

M 

.70 

2 

25 

31 

18 

M 

05 

I 

'.'4 

t>5 

32 

37 

M 

25 

1 

11 

33 

02 

M 

20 

1 

2 

34 

.79 

M 

.70 

1 

8 

3.0 

.73 


70 

29 

4 

30 

40 

M 

45 

1 

1 

37 

.70 

M 

00 

5 

7 

38 

.72 

F 

25 

1 

19 

39 

00 

M 

05 

20 

115 

40 

.77 

1' 

00 

14 

81 

41 

44 

I' 

.70 

1.7 

25 

42 

2.8 

1’ 

25 

J 

j 

4 

0 

« not»o. + 

= hliRlit. + + 

= moderate. 
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HistopatholoRic 


Size of 
liver 
(gm.). 

examination. 

Diagnosis. 

Degree.* 

1080 

Normal 

0 

Normal 

Normal 

0 

1780 

Normal 

0 

Normal 

Normal 

0 

Normal 

Normal 

0 

1700 

Normal 

0 

1880 

Normal 

0 

1400 

Normal 

0 

1570 

F'ocal necrosis 

+ 

1700 

Focal necrosis 

+ 

1170 

Focal necrosis 

+ 

1900 

I’assive cong. 

+ + 

1.720 

Fatty infiltr. 

+ 

2200 

Fatty infiltr. 

+ + + 

1000 

I'atty infiltr. 

+ 

1000 

Fatty infiltr. 

+ 

1240 

I'atty infiltr. 

+ + + 

Normal 

Cholangeitis 
(mult, absc.) 

+ + 

1400 

Cbolnngeitis 
(occ. absc.) 

+ + 

1800 

Cholangeitis 
'I'oxio cirrhosis 

+ + 

2100 

+ + + 

Normal 

Toxic cirrhosis 

+ + + 

Normal 

'I’oxic cirrhosis 

+ + + 

1775 

Toxic cirrhosis 

+ + + 

1180 

Portal cirrhosis - 

+ 

Enlarged 

Portal cirrhosis 

+ 

Small 

I’ortnl cirrhosis 

+ + 

1400 

Porta! cirrhosis 

+ + 

Enlarged 

I’ortal cirrhosis 

+ 

1.700 

Bil. cirrhosis 

+ + 

3000 

Pjgm. cirrhosis 

+ + 

1.300 

Siubac. .yellow 
atrophy 

+ + + 

800 

Siibac. yellow 
atrophy 
Hepatoma 

+ + + 

2200 

+ + + 

2390 

Hepatoma 

+ + + 

1780 

Bile duct care. 

+ + + 

2700 

Bile duet care. 

+ + + 

Iilarkedly 

Metast. care. 

+ + + 

enlarged 


2.370 

Metast. care. 

+ + 

2910 

Meta.st. care. 

+ + + 

17.70 

Miliary the. 

+ + 

2230 

I.puk. infiltr. 

+ 

+ + + = marked. 



It is of interest that the prothrombin concentration was slightly 
diminished in 4 of 5 patients in whom fatty infiltration of the liver 
was the only abnormality noted. The prothrombin concentration 
was within normal limits in 3 patients with cholangeitis, despite the 
fact that the inflammatory processes in the bile ducts were severe 
and had progressed in 1 instance to multiple abscess formation. 
However, in these latter cases the bulk of the parenchymal tissue 
apjjcared to be normal. 

From these data there seems to be a better correlation between 
the prothrombin concentration and the histologic appearance of the 
liver than there is between the prothrombin concentration and the 
results of the hippuric acid liver function test.'”' The obvious deduc- 
tion from these observations would appear to be that of these two 
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tests the ])i'othroinbin concentration is the less sensitive indicator 
ol liver innetion, Init the more accurate detector of actual paren- 
chymal hejiatie tissue destruction. 

Summary. ''J'he jirothrombin concentration was determined in 
42 patients 'in whom the liver was examined at operation or at 
autopsy, \itamin Iv was administered in adequate dosage to all 
those patients who had sufi’ered from extrahepatic biliary obstruc- 
tion. In general, the prothrombin concentration was normal when 
there was little or no destruction of the parenchymal tissue, and it 
was diminished when there was moderate or marked destruction of 
tissue. Exceptions to this rule are noted. 

The aiithors gratefully acknowledge the assistance given them by the late Dr. C. 
Ij. Connor, Professor of Pathologj’. 
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Thomas Fr-aatcis, Jr., M.D., 
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NEW Y'ORK, N. T. 

(From the Hospital of the Rockefeller Institute, Willard Parker Hospital for Con- 
tagious Diseases, Department of Hospitals, New York City, and the Depart- 
ment of Bacteriologj', New York University Medical School.) 

The question of the constancy of blood amino-acid concentration 
in diseases other than those of the liver has been reopened with the 
finding of plasma hjqioamino-acidemia in young children witli the 

* Present address: Alfred I. duPont Institute of The Nemours Foundation, 
Wilmington, Delaware. 



PLAS^fA AMTOO-ACro LEVELS 


069 


nephrotic syndrome by Farr and MacFadyen- and_ in aflnlts Avitli 
pneumococcus ])neumonia.‘‘ This lias Irnen due in part to the 
development of a liighly specific and accurate method for the esti- 
mation of amino-acids by Van Slyke, Dillon, MacFadyen and l lamif- 
ton“ and applied to blood and urine by MacFadyen, Van Slyke and 
Hamilton.® By this method the. plasma amino-acid concentrations 
of patients with scarlet fever, measles and pneumococcus pneumonia 
have been compared with those from a group of apparently healthy 
individuals. 

Materials and Methods. Nine patients with scarlet fever and 12 with 
measles were observed in the Willard Parker Hospital for contagious dis- 
eases. Eighteen patients with pneumococcus pneumonia were admitted 
to the pneumonia service of the Rockefeller Institute Hospital under the 
care of Drs, C. M. MacLeod, G. S. Mirick, and E_. C. Curnen. No attempt 
was made to select these patients for study and in each instance the series 
represents consecutive admissions. Thirty apparently healthy individuals 
were oljserved at the Rockefeller Institute Hospital. This group was 
highly selected and carefully examined by physical examination and labora- 
tory studies to exclude insofar as possible any disease. Both adults and 
children were included in the normal group, the ages ranging from | to 
45 years. The patients with scarlet fever or measles were predominantly 
children, while those with pneumonia were all adults from 25 to 62 years 
with the exception of an 11-year-old boy. 

Blood was obtained from all patients at the time of admission. Blood 
was withdrawn from the scarlet fever patients following an overnight fast 
thrice during the first week and subsequently at weekly intervals, A second 
blood specimen was obtained from patients with measles after 1 week. 
The patients with pneumonia were bled on admission, the day following, 
and at selected intervals thereafter. The procedures followed in taking 
the blood were as previously reported.** On the 30 apparently healthy 
persons the blood was witlidrawn after an overnight fast. 

Plasma amino-acid nitrogen was determined by the ninhydrin COi method 
of MacFadyen, Van Slyke and Hamilton.® 

Results, The results are summarized graphically in Figure 1 and 
a\’erages by each group with observed range and standard deviation 
are shown in Table 1 . 


Taucb I.— Ayehage Pr,AS5tA Amino-acid Nitrogen Concentrations in Indi- 
vim-AEs Without Aeparbnt Di.sease, Patients With Pneumococcus 
Pneumonia, Scareet Fever, and Measles. 
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Fig. 1. —Distribution of fasting plasma amino-acid nitrogen values. Each sjiuarc 
represents 1 patient, the vao'ing markings indicating the type of patient. 


in only 3 was the concentration below 4 mg. per 100 cc. TJic 
average plasma amino-acid nitrogen concentration in thi.s group 
4.47 mg. per 100 cc.; the .standard deviation was ±.-10, and 
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the observed range 3.75 to 5.56 mg. plasma amino-acid nitrogen per 
]{)0 cc. There was no apparent change in the plasma ammo-acid 
nitrogen concentration with increasing age. Until further data are 
obtained we have taken 4.50 mg. per 100 cc. as the average plasma 
amino-acid nitrogen concentration of normal healthy persons and 
have assumed concentrations to be within normal limits when differ- 
ing from the normal average by an amount less than, or equal to, 
twice the standard deviation. 

With but 4 exceptions, the 29 determinations made on the 
9 patients with scarlet fever fell within the range of concentration 
of the healthy individuals. Each of the 4 exceptions occurred in a 
different patient. In 1 patient a concentration of 3.37 mg. per 
100 cc. was found on admission. Subsequent determinations made 
on plasma from this patient over a 2-week interval were 4.35 mg., 
3.58 mg. and 3.(56 mg. per 100 cc. The latter two values fall just 
within the range defined as normal. In addition to scarlet fever, 
this patient had pseudohypertrophic muscular dystrophy. Another 
patient in the scarlet fever group had a low plasma amino-acid 
nitrogen concentration of 3.31 mg. per 100 cc. which occurred at 
the time he developed serum disease. Determinations of plasma 
amino-acid nitrogen in this patient made during the week prior to 
development of serum disease were 4.70 mg. and 4.35 mg. per 100 cc. 
Seven days .subsequent to the serum sickness the plasma amino- 
acid nitrogen concentration was 4 mg. per 100 cc. In 2 other 
patients single determinations, both made on admission, were 
3.39 mg. and 2.97 rag. per 100 cc. In the first patient the 
plasma amino-acid nitrogen concentration rose during the follow- 
ing week to 4.61 mg. per 100 cc. and 1 week later was 5.59 mg. 
per 100 cc. No further estimations were made on the second 
])atient. 

In the 12 patients with measles, all but 1 of the 18 determinations 
of plasma amino-acid nitrogen concentration fell within the normal 
range. In this instance, the low concentration of 3.19 mg. per 
100 cc. occurred at a time when the patient developed a rise in 
temperature with coarse rhonchi and rales over both lung fields but 
with no roentgenologic evidence of pneumonia. A previous deter- 
mination on this patient was 3.86 mg. per 100 cc. 

Of the 36 determinations of plasma amino-acid nitrogen made on 
18 patients with pneumococcus pneumonia on the first and second 
day in^the hospital, all but 7 were below the normal range. Of 
thc.se 7, 2 were from a patient with a very mild illness. Of the 
remainder, the first blood sample was obtained from 5 different 
patients admitted on the fourth, sixth, seventh, eighth and ninth dav 
of disease, re.spectively. As previously pointed out, a near normal 
value would be cx])ected m such patient.s at this time. When di.s- 
charged only 1 of the 18 patients with pneumonia had a plasma 
ammo-acid nitrogen concentration below 3.5 mg. per 100 cc. She 
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had pulmonary tuberculosis anti o^'er a 2-month period of observa- 
tion, her plasma amino-acid nitrogen concentration remained quite 
constant at about 3.30 mg. per 100 cc. 

Comment. Altliough the values of plasma amino-acid nitrogen 
in patients with measles and scarlet fever were occasionally below 
the levels usually found thus far in normal individuals, it is evident 
from a study of the data presented that no significant plasma hypo- 
amino-acideraia is usually associated with either scarlet fever or 
measles. This is in sharp distinction to our observations on patients 
with pneumococcus pneumonia and patients with the nephrotic 
syndrome.^-® 

The possibility exists that plasma In'poamino-acidemia was not 
observed in- patients with scarlet fever or measles because the 
observations were not made sufficiently early in the disease course. 
The time of onset of pneumonia can be determined fairly accurately 
by the chill that occurs in most patients, whereas the diagnosis of 
scarlet fever or measles cannot be made wdth certainty during the 
preeruptive phase. An additional 24 hours usually elapses after the 
characteristic rash appears before the patient is brought to a hospital. 
Since in patients with pneumonia, the plasma amino-acids may 
return to near normal Ie^'eIs by the fifth day of disease, in this study 
xve have not been able to exclude the possibility- of a hypoamino- 
acidemia in scarlet fever and measles during the preeruptive phase. 

The data in the present study cannot readily^ be compared to that 
of previous workers® because of differences in the anal.vtical methods 
used. In a majority of published studies, colorimetric procedures 
have been used which Van Sly'ke and Kirk® have shown to be unre- 
liable. The experiences of Farr and MacFady-en® with the 
Slyke nitrous acid method^ have shown that its lack of specificity- in 
comparison with the ninhydrin CO 2 method mayq under certain 
circumstances, give misleading results. A rational explanation for 
plasma hypoamino-acidemia in some diseases cannot be formulated 
until more is knoum of the . mechanism controlling amino-acid 
metabolism and concentration. 

Summary. Thirty-one determinations of the plasma amino-acid 
concentration of 30 normal, apparently healthy- individuals averaged 
4.50 mg. per 100 cc. by the ninhy-drin-COj method. The standard 
deviation was ^.46, and the observed range 3.75 to 5.56 mg. per 
100 cc. 

In patients with pneumococcus pneumonia, the plasma amino- 
acid nitrogen concentration was found to be low at the time of onset. 
With recovery from pneumonia the plasma amino-acid concentra- 
tion returned to the normal range. Patients admitted to the hospi- 
tal after the fourth day of disease failed to show significant plasma 
hy-poamino-acidemia. . . 

' In patients wfith scarlet fever and measles, the plasma ammo-acid 
nitrogen concentration vras usually within the normal range. How- 
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ever, because of tlie difficulty of ascertaining the time of onset of 
these diseases, the data do not exclude the possibility of a plasma 
hypoamino-acidemia during the preemptive phase of these diseases. 
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EOSINOPHILIC GRANULOMA AND CERTAIN OTHER RETICULO- 
ENDOTHELIAL HYPERPLASIAS OF BONE. 

A Comparison of Clinical, Radiologic, and Pathologic 

Features. 

By Paul Gross, M.D., 

TATHOLOGIST, 

AND 

H.\rold W. Jacox, M.D., 

radiologist, 

PITTSBURGH, PA. 

(From the Institute of Pathology and Department of Radiation and Physical Thcra)iy 
of The Western Pennsylvania Hospital.) 

Following the first reference in 1929, additional cases of a certain 
peculiar, solitary, destructive lesion isolated in the skull and other 
bones of children and young adults have been described as a sup- 
posedly new disease under the names of eosinophilic granuloma or 
.solitary granuloma of bone. In 1930, Mignon"® described a “ granu- 
lations tumor” in the forehead of a 12-year-old boy, and in 1938, 
Schairer^- reported 2 cases of “ osteomyelitis with eosinophilic reac- 
tion.” ^ A publication by Otani and Ehrlich,-® describing 7 cases, 
was quickly followed by Lichtenstein and Jaffe’s®’ account of 4 cases. 
Hatcher^' observed 3 cases, Kernwein®i 1, and the Case Records of 
the ISIassachusetts General HospitaP contained 1. Very recently 
Father®''-'^ listed 5 cases of solitary destructive lesions of granulo- 
matous character in hone, and Bass,’** in the latest publication on 
this subiect, reported 2 cases and quoted Dr. R. FI. .Jaffe as having 
observed 1 ^ase. Altogether 22 cases have been recorded in the 
literature. Of these, 12 have been described in more or less detail 
the other 10 cases were merely mentioned as having been observed! 
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Unncce.ssary alarm mar result and needless extensive surgery 
may be done unless the possibility of so-called eosinophilic granu- 
loma of bone is kept in mind Avhen sharply delimited, destructi\-e, 
solitary bone lesions are encountered in children or young adults. 
Although a malignant proce.ss is frequently suggested roentgeno- 
graphically, all reportefl cases liave terminated by complete healing 
and cure. 

Case Report with Solitary Lesion.* Case 1.— A white .sclioolboy of 15 
had noted a soft lump on the right forehead for 2 months. It liad grown 
.slowly to the size of a walnut and was accompanied by local pain and ten- 
derne.s.s. There was no history of trauma and he was in excellent health 
otherwi.se. 

The patient was a normal, asthenic type of youth with a movable, .soft, 
tender swelling about 4 by 4 b}’ 1 cm. in size situated 5 cm. above the right 
orbit in the frontoparietal region. The .skin was not attached to it. 

Roentgenograms of the skull (Fig. ]) .showed a sf)litary, sharply-outlined, 
irregular, rounded area of bone destruction in the right frontoparietal 
region of 2.5 cm. in diameter. The inner table showed greater involvement 
than the outer, suggesting pressure from inside the cranium. The adjacent 
bone and the rest of the skull appeared normal. Although a definite diag- 
nosis was not made, secondarj' neoplasm was considered. Careful .search 
revealed no evidence of a primarj- tumor. Blood count, urinaly.sis and 
blood chemical e.vaminations, including cholesterol, were not abnormal. 

Exploration revealed friable, j'ellow, .soft tissue, forming a ma.ss about 
4 cm. in diameter underneath the periosteum. Following removal of part 
of this tissue, a hole 1.5 cm. in diameter was seen in the skull through which 
the underlying dura and brain appeared normal. 

As received in the laboratorj' the material consisted of several pieces of 
soft, pinkish-gray^ tissue which formed a mass 1 cm. in diameter. 

Histologically, the tissue was composed of heavily' vascularized reticulo- 
endothelial tissue profusely infiltrated by leukocy'tes and large mono- 
nucleated phagocy'tes. A large majority' of the leukocy'tes were eosino- 
phils, which, although diffusely' distributed, were more densely' congregated 
about vessels (Fig. 2). The nuclei of the stromal cells were large, some- 
what variable in outline, with delicate nuclear membranes and finely' 
dirided chromatin material. Mitotic figures are absent. The cy'toplasm 
of the stromal ceils, while abundant, stained light pink and was, in many 
instances, foamy' in character. 

The large mononucleated phagocy'tes po.ss&ssed rounded and well-defined 
cell walls while the nuclei resembled those of the stromal cells. The cy'to- 
plasm contained vacuoles, large, irregular granules, ery'throcytes or eosino- 

* yVe arc enabled to report this cHnical case through the courtesy of Dr. J. It. 
.John.ston. . 


Legends fob Ij.lustb.\tions on Faci.ng P.aoe. 

Fig. 1.— C.a.se 1. Lateral projection of skull showing a solitary, sharply.outline(l. 
irregular, rounded area of bone destruction in the right fronto-parietal region. 

Fig. 2. — Tissue from skidl defect of Case 1, showing reficulo-cndothelial tissue 
heardly infiltrated b 3 ' eosinophilic polj'uiorphonuclears (dnrklj- .staining cells). The 
infiltration is most pronounced about vcs.scls. (Metbjdene bliic-fuch.sin stain.) 

3 _ Ca.se 1. Skull e.xamination Jfimonth.s later, demonstrating complete lical- 

itig and no new areas of involvement. . . , 

j-j,, 4 Case 2. T.vpica! “geographic” skull as seen in Hand-Chrisfian s di.“ea.se. 
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])liilic gi'inniles. Oc.casioiijil giant cells witli pen])herally arranged nuclei 
wore found. 

'riio ve.'^sols w('ro tliin-wallod, frc(|unntly sinusoidal iu type with large 
lumens. 'Die endoMielia] cells lining the lumens wore considei’ahly .swollen. 
Small hemorrhages were numerous. 

Lymiihoeytea were infrociucntly seen. There were no areas of necrosis 
or fibrosis. No evidence of new bone formation was observed. 

No baeteria could be demonstrated in the sections. Because the entire 
biops}^ material was used for paraffin impregnation no fat stains were made. 

Hand-Schiiller-Christian’s* disease and monocytic myeloma were con- 
sidered as diagnostic probabilities and a number of prominent pathologists 
to whom the sections were submitted agreed with one or tlie other of these 
diagnoses. 

About 2 weeks after operation a short course of high voltage Roentgen 
therapy was given. This consisted of a total of 1000 Roentgens (measured 
in air) applied in 5 daily e.vposures of 200 r each within a week to a field 
G by 8 cm. in size over the right frontal region. 

Check-U]5 examination 2 months after treatment showed alopecia over 
part of the treated area and a well-healed, depressed scar about 4 cm. in 
length. There were no other abnormalities. 

At the last examination 16 months later, there was complete return to 
normal, both clinically and radiographically (Fig. 3). 

Comment. Of the 16 recorded cases of so-called eosinophilic 
granuloma, in which the age was indicated, all but 3 were younger 
than 21 years. Of the latter, 1 was 21; 1, 24; and 1, 35 years old. 
Ten cases were male and 3 female. The sex of the other cases was 
not given. In 11 instances tlie lesion involved the skull; 5 of these, 
the frontal bone. The long bones were affected 5 times; ribs, 5 times; 
and the scapula, once. The bone lesions were commonly the only 
abnormality found and laboratory tests, with the exception of differ- 
ential white blood cell counts, were normal. 

Pain was mentioned as a prominent symptom in 7 cases. In 
4 instances trauma to the site of the lesion was said to have ante- 
dated the appearance of the lesion. However, in several cases no 
historj^ of trauma could be elicited, and in other reports no mention 
was made of trauma. The duration of the lesions, as indicated in 
the histories, varied from 10 days to 2 months. 

The roentgenograms were commonly interpreted as suggestive of 
either osteomyelitis or tumor. In 6 cases subperiosteal bone forma- 
tion was noted, while in 5 other cases notations were made of the 
absence of bone reaction. 

A differential white blood cell count revealed a 4% to 11 % eosino- 
philia in 7 cases. In one report*- eosinophilic infiltration was found 
in a Ij'^mph node near the lesion; in another instance** the sternal 
bone marrow showed an increase in eosinophils. Examination of 
the feces of 1 case*® disclosed a helminthic infestation which was 
ref^arded as tlie cause of the eosinophilia. Four reports noted a 
normal percentage of eosinophils in the peripheral blood. 

* Here.'ifter the condition 'ndll be referred to as “Hand-Christian’s” dise.asc in 

keeping wth preferable American usage.— Editor. 
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Grossly, the biopsy inaterial from these lesions has been desci ibcd 
as soft, cdlnlar tissue, yellow-brown, gray-white, or gray-pink in 
color. With the exception of relatively minor details the histologic 
description in the various reports has been remaikably iinifoim. 

The degree of phagocytic activity exliibitcd by the stromal cells, 
the presence or absence of multinucleated giant cells, mitotic figures, . 
areas of necrosis, of scarring or of newly formed bone are details j 
which vary somewhat in different reports. Such i^ariance, however, 
may be explained on the basis that the biopsies represent different 
stages of the granulomatous process. 

Before a lesion is classified as a separate and distinct pathologic 


entity, its distinguishing characteristics should be compared with 
those of related diseases in order to determine whether or not such 


segregation is justified. 

The present study considers certain generalized hyperplasias 
of the reticulo-endothelial system as well as of the solitary xanthoma 
of bone which may be considered as a focal hyperplasia of reticulo- 
endothelial cells. Of the former, both the lipoid and non-lipoid 


varieties come under discussion. 


Hand-Chrisiian’s Disease. This is usually a more or less general- 
ized hyperplasia of the reticulo-endothelial system, of the lipoid 
variety. However, it is common knowledge that in this condition 
the classical triad— defects in the bones of the skull, diabetes in- 


sipidus and exophthalmos— may be incomplete. Indeed, some of 
the reported cases have none of these. 

Other reported cases of Hand-Christian’s disease raise the ques- 
tion of whether or not the reticulo-endothelial hyperplasia need 
necessarily be generalized. It seems possible, for instance, that in 
an early stage the disease may be represented by a solitary lesion. 
Such cases have been reported.^-^®-^'-^^ In 1 of these-® Schuller 
himself agreed with the diagnosis. Furthermore, Farber®® encoun- 
tered 4 instances of solitary bone lesions in which the patients later 
developed multiple lesions. The difficulty of differentiating this 
type of Hand-Christian’s disease from the so-called eosinophilic 
granuloma, or the solitary xanthoma of bone is apparent. This 
difficulty was appreciated by Farber®“~' who, following critical study, 
was led to conclude that eosinophilic granuloma of bone and Hand- 
Christian’s disease “ represent variations in degree, stage of invoh'e- 
ment and localization of the same basic disease process.” 

As ^elati^•ely few cases of eosinophilic granuloma of bone have 
been studied it would appear premature to state definitely that this 
lesion v ill alv a\ s be solitary. Likewise, it would seem unreasonable 
to classify the eosinophilic granuloma of bone as a new and distinct 
entity because the lesion is solitary, and at the same time ignore its 
similarities or even its identity in other respects to related condi- 
tions. Our view, which is in full agreement witli that of Farber,®“-" 
is that the so-called eosinophilic granuloma of bone is probably 
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idciiticiil witli wliat lias Iiccn n;ci);;iii/,c(l as instances ol' Ilaiid- 
C'liristian’s disease in wliieli the hone lesions are solitary/'’'-''''"'’’^^’" 

Case Report with Multiple Lesions. Case 2.— A 4-year-old white girl 
was admitted to Tlie Western Pennsylvania Hospital on Januarj^ 25, 1934, 
suffering from a discharging left ear, prominence of the left eye and a stiff 
neck. The drainage from the left car began a year and a half before admis- 
sion, continued for 2 months and was followed by stiffness of the neck which 
lasted for 3 months. In the meantime the child ajrjDarentlj" was well. 
One month before admission there was recurrence of the stiff neck, and a 
graduallj" increasing prominence of the left e 3 'e. Also at this time a soft 
spot on the left side of the child’s skull and two small jmllow spots in the 
left upper eyelid, not found jireviousljL were first noticed. 

The past and family histories were irrelevant. 

The phj'sical e.\amination was negative e.vcept for the head, ears, eyes 
and neck. Several soft areas of various size were palpable in the frontal, 
parietal and occipital regions, suggestive of craniotabes. Both ears were 
drj’, the canals being filled with soft wax plugs, but no pus was found when 
these were removed. Two small 3 mllow intracutaneous plagues were found 
in the left e 3 'elid. An ophthalmologist noted the left e 3 'eball was slightly 
jjroptosed and displaced downward. There was 3 mm. of exophthalmos of 
the left e 3 m as measured with the exophthalmometer (Hertel). The pupil-s, 
pupillar 3 ' reactions and extraocular movements were normal. No palpable 
orbital masses were found, the fundi were not abnormal, and the media 
were clear. The child held the neck flexed and supported its head with its 
hands, but an orthopedic surgeon found motion of the cervical vertebra; 
free and without pain. A neurologist could demonstrate no neurologic 
s 3 ’’ndrome. 

Repeated blood counts showed a slight persistent eosinophilia (4%) but 
no other abnonnalities. The Kahn test on the blood and spinal fluid of 
the patient as well as serologic tests of the mother and father were negative. 
The blood chemical examinations, including calcium, phosphorus and 
cholesterol were normal. Stool examinations and numerous urinab’ses 
showed nothing abnormal. The highest temperature at an 3 ' time was 
37.4° C., but was usuall 3 " normal. 

Skeletal roentgenograms revealed multiple destructive lesions of the skull 
and left femur. Numerous defects in these bones with smooth edges pro- 
duced the t 3 ’^pical “geographic” skull seen in Hand-Christian’s disease 
(Fig. 4). There were extensive areas of decalcification in the frontal, 
parietal and basal regions, especiall 3 '^ on the left side. One of the large 
destra 3 'ed areas extended into the left side of the foramen magnum md 
probabR^ accounted for the discomfort and deformit 3 ^ in the cervical region. 
The normal bone architecture was gone in the area about the left mastoid 
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Fig. o. — Case 2. Skull 25 years later with return to normal and no new area.s. 
Condition remains the same after 75 j-ears. No direct irradiation was given over 
the frontal or parietal regions. 

Fig. 6. — Tissue from skull defect of Case 2, shon-ing reticulo-endothelial tissue 
profusely infiltrated by eosinophilic polymorphonuclears (darkly staining cells). 
The intercellular granular material is composed of eosinophilic granules from disin- 
tegrated leukocytes. No foam cells are present. (Hematoxj'lin and eosin stain.) 

Fig. 7. — Ljunph node from Case 3, showing replacement of most of the Ijinphoid 
tissue by proliferated reticulo-endothelial cells, diffuse^- and nodiilarly distributed. 
There is* an associated increase in fibrous tissue. No foam cells arc present. (Hema- 
toxylin and eo.sin.stain.) 
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process and no air-containing cells were found. In the lesser trochanter 
of tlie left femur were several irre^lar cystic areas of bone destruction, 
A Roentgen diagnosis of Hand-Christian’s disease was made. 

A biopsy specimen, about 2.5 cm. in diameter, and including the thick- 
ness of both tables, was obtained under ether anesthesia from one of the 
decalcified areas in the right parietal region of the skull. 

A short course of high voltage Roentgen therapy was given 2 weeks 
later. This consisted of a total of 250 Roentgens to each of six long, narrow 
portals, cross-firing tlie neck and spine in 6 days. The lesions in the frontal, 
parietal and femoral regions received no direct irradiation. 

The patient made a stead3’' recoverjL gained in weight and successive 
roentgenograms showed complete return to normal (Fig. 5). No new lesion 
ever appeared, and no further treatment was necessarj'. At the present 
time, 71 years later (July, 1941), the child is living and is normal except 
for diabetes insipidus, facial deformit}'’ and carious teeth. The diabetes 
insipidus has been present since an attack of whooping cough in 1936, but 
is now about half as bad as it was then. The urinary output varies from 
3§ to 7 liters per day at present. 

The biopsy specimen consisted of soft, red tissue which measured 3 by 
2 bj' 2 mm., and small fragments of bone. 

Microscopical^, the material was composed largety of dense collagenous 
tissue, the cellularity of which varied considerably in different fields. The 
greater portion of the collagenous connective tissue Avas poorly cellularized, 
relatively avascular and hyaline in character. There were, however, small, 
circumscribed areas, like little islands, Avhich were composed of closely 
packed mononucleated phagocytes, polymorphonuclears and occasional 
lymphocytes. The majority of the leukocytes were eosinophilic (Fig. 6). 
Numerous eosinophilic granules, apparently derived from disintegrated 
leukocytes, were found b^etween the cells and also within mononucleated 
phagocytes. The latter possessed abundant pale cytoplasm but without 
the slightest suggestion of foamy appearance. In contrast to the paucity 
of vessels in the adjoining tissue, these islands of inflammatory cells con- 
tained numerous congested capillaries. 

Furthermore, portions of the dense connective tissue shoAved non-circum- 
scribed infiltrations a large number of Ijnnphocytes and pyknotic, 
spindle-shaped cells. Adjacent to several of these infiltrations, trabecute 
of bone Avere seen AAdiich showed loss of nuclei and pronounced decalcifica- 
tion. The edges of these trabeculae were marked bj^ small, irregular defects 
AAdiich contained granular, acidophilic material. This gave the trabeculae 
a “moth-eaten” appearance. 

In contrast to the aboAm picture, a large trabecula of bone AAuth a smooth 
and OAml outline and otherAvise normal appearance AA'as seen only a few Ioaa- 
power diameters away from the regions of bone destruction. The peripher)'' 
of this trabecula AA’as delimited by a zone of closely applied, scattered osteo- 
blasts and by dense periosteum-like tissue. The surrounding collagenous 
connectiA’e tissue Avas relatiAmlj^ acellular and avascular. In short, the 
picture in this region AA’as that of quiescence and complete healing. 

No evidence of new bone fonnation was seen. The destroyed bone was 
apparently replaced bj’ dense collagenous tissue. No giant cells Avere found 
in the sections. No examination was made for the presence or absence of 
lipoids or fat. 

Comment. The similaritj’ microscopically betAA'cen the lesion of 
the second ease and that of the first is striking. Probably the great- 
est difference is in the presence of scar tissue in the second, and the 
absence of dense collagenous tissue in the first case. The difference 
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is rcadih’^ explained by a difference in the stage of the disease piocess 
as indicated by Farlier.®-' The small ceHnlar islands found in the 
second case represent active foci of the disease and they are abso- 
lutely identical with the type of tissue found in the first case. 

Our belief in the probable identity of the two diseases is based 
mainly upon the fact that the histologic features regarded as char- 
acteristic of eosinophilic granuloma of bone are also found in Hand- 
Christian’s disease. Both conditions show destruction and replace- 
ment of normal tissues by granulomatous tissue in which endothelial 
cells predominate. The latter may contain lipoid. In an analysis 
of 84 cases of Hand-Christian’s disease reported in the literature, 
we have found 9 in which lipoid-containing cells or “foam cells” 


were not found in the biopsy or autopsy material and in 26^ cases 
neither the presence nor the absence of these cells was mentioned. 

The participation of eosinophilic leukocytes is common to the 
lesions of both conditions- It was noted in 29 of the 84 cases of 


Hand-Christian’s disease analyzed by us and in 5 of 7 such cases 
studied by Farber.® Not infrequently this eosinophilic infiltration 
was regarded as pronounced. 

Eosinophilia of the peripheral blood has been noted with eosino- 
philic granuloma.^'*®'”'^®'®^ In the 84 cases of Hand-Christian’s dis- 
ease analyzed by us eosinophilia was noted in 13 cases; 3% in 3,'^-®®’®'^ 
4% in 5,2.20.24.30.40 5 ^^ in 1,^ 6% in and 7% in 1 case.» 

Hand-Christian’s disease is, at times, associated with a hyper- 
cholesteremia. Out of .a total of 45 in which the blood cholesterol 


content was indicated, 23 cases had a level of over 200 mg. per 
100 cc. Insufficient data are available regarding this point in 
eosinophilic granuloma of bone. 

Visceral involvement in Hand-Christian’s disease is common. It 
is interesting to note that we have found 2 cases^®.®® in the literature 
in which there was soft tissue involvement but no radiologic evidence 
of bone lesions. Since no autopsies have been performed on cases 
of eosinophilic granuloma of bone, little can be said about visceral 
involvement in this condition. However, reports of eosinophilia in 
a draining lymph node,®^ in sternal bone marrow ,2’^ as well as in the 
peripheral blood^.*®. 22 . 28 . 32 indicate that in addition to the solitary 
osseous lesion in eosinophilic granuloma of bone there may be more 
widespread and even systemic changes. 

In both types of lesions various stages of healing with the produc- 
tion of osteoid tissue and bone may be encountered. There may be 
very little of pathognomonic significance and no essential difference 
m the histologic appearance of the lesion of eitlier condition. As a 
matter of fact, some radiologists have discouraged biopsy in Hand- 
Chnstian’s disease because the histologic picture of the lesion in 
tins disease has been nondescript and inconclusive on occasions. 

_ 1 he radiologic appearance of the osseous defects in Hand-Chris- 
tian s disease is very similar to that of eosinophilic granuloma The 
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only (iidcn'iici’ iippcjirs to lip {luit in llip foi'uicr llu* icsioiis ;irc 
usually multi])lc and in the latter disease there is a solitary lesion. 

As in Ilaud-Cdiristian’s di.sea.se tlie lesion of eo.sinophilic granuloma 
may progre.ss spontaneously or with irradiation. Unlike the 30% 
ease mortality ot Hanfl-Christian’s disease, all reported cases of 
eosinophilic granuloma have recovered. 

Lcitcrcr-Siu'c’s Dls-ca.se. This is a non-lipoid reticulo-endotheliosis 
considered by some writers identical with infectious reticulo-endothe- 
liosis. It has certain similarities to Hand-C’hri.stian’s disease and to 
eosinophilic granuloma. Letterer-Siwe’s disease affects infants and 
children predominantly and is nearly always fatal. From a radio- 
logic point of view the osseous lesions of this di.sease are identical 
with those of Hand-Christian’s disease. Histologically, the lesions 
.are usually devoid of lipoid, but cases*-^® have been reported where 
small amounts of lipoid were present within the reticulo-endothelial 
cells. On the other hand, biopsies from lesions of Hand-Cbristian’s 
disease may also show little or no lipoid. 

Case Report of Non-lipoid Reticulo-endotheliosis.* Case 3.— A 13- 
month-old, white, female infant was admitted to the St. Vincent Charity 
Hospital of Cleveland becau.se of splenic and generalized Ijanph node 
enlargement. 

The past history was not significant e.xcept that for 6 months preHously 
the infant had been eating poorly and for a number of days prior to admis- 
sion there had been dj’spnea at night. 

The patient’s weight on admission was 7550 gm. (16.6 pounds). There 
was a discharge of partially crusted material in both external auditor}* 
meati. The drums were In^peremic. Examination of the chest disclosed 
no abnormality. The spleen was enlarged and extended 4 cm. below the 
costal margin. The cervical, axillar}* and inguinal nodes were enlarged 
and discrete. 

The red blood cell count varied from 4.2 to 2.5 million during hospitaliza- 
tion. The concomitant bemoglobin determinations varied from 72% to 
34%, and the platelet counts from 270,000 to 366,000. There was no 
eosinophilia. 

During hospitalization the infant had succe.?sive showers of cutaneous 
petechise. The spleen enlarged progressively and reached to the iliac crest 
shortly before death. The bmph nodes also became larger. 

Roentgenologic examination of the chest disclosed enlargement of the 
th}'mus and a diffuse mottling in the lung fields, suggestive of miliar}* 
tuljerculosis. 

The temperature varied between 37.5 and 38.5° C. with occasional peaks 
of 39.5°, and a terminal rise to 41°. Death occurred 5 months after 
admission. 

A biopsy of a cer\*ical l}Tnph node performed 3 months before death 
showed a remarkable degree of endothelial hyperplasia which was diffuse 
and nodular. Many giant cells were present. This appearance wa.s mis- 
takenly interpreted as that of hyperplastic tuberculosis. 

The significant autopsy findings consisted of the following: 

Innumerable cutaneous petechiae were present. 

The th}mus was much enlarged and its normal, lobulated architecture 


* Presented by one of us (P. G.I before the Clinical and Patholo"icaI .“ection of the 
Academy of Medicine of Cleveland, May 4, 19.^4. 
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replaced bj' trabeculated hemorrhagic tissue which contained irregular 

^Vh'e lungs were honeycombed by smooth-walled cj^sts 3 to 7 mm. in 
diameter and the lower lobes were consolidated. 

The liver was enlarged and showed fatty cliange. , . • 

The spleen was greatly enlarged, rounded, blue-red m color, firm in con- 
sistency. The cut surface showed a variegated red and yellow, nm, some- 
what trabeculated tissue which replaced the normal splenic architecture. 
The yellow' areas w'ere in the form of miliary and larger conglomerate 

Lymph nodes, everywhere, were enlarged and on section shoived small, 

opaque yellow foci. , , , , , . i i 

The lymphoid apparatus throughout the intestinal tract ivas tremendously 

hypertrophied. 

Postmortem roentgenograms of the skull shoived defects in both parietal 
bones. The largest was about 2 cm. in diameter. 

Microscopically, sections of spleen, liver, lymph nodes, thymus, lung and 
intestinal tract showed replacement, or infiltration, or both, by cells of the 
endothelial type. In addition to a diffuse type of infiltration, nodules 
resembling those seen in Boeck’s sarcoid were present in lymph nodes, spleen 
and thymus (Fig. 7). In these organs the endothelial hyperplasia was also 
associated with a pronounced increase in fibrous tissue particularly in the 
capsule and pericapsuiar region. In the liver and lung the proliferation 
of endothelial cells was less striking, but, nevertheless, pronounced. There 
was associated, extensive fatty metamorphosis throughout the liver while the 
lung exhibited irregular thickening of alveolar walls and peribronchiolar 
tissue by proliferated endothelial cells which resulted in numerous large, 
cyst-like, emphysematous cavitie.s, A considerable portion of both lungs, 
particularly throughout the loiver lobes, .shoived more diffuse infiltration by 
endothelial cells, which filled the alveolar spaces and gave the tissue the 
appearance of pneumonic consolidation. 

The proliferated endothelial cells ivere frequently large, oval, rounded, or 
polygonal, and possessed deeply acidophilic cytoplasm. Some cells con- 
tained hemosiderin. No foam cells were found. A pronounced tendency 
to form many multinucleated giant cell.s was present in the spleen and 
thymus. This was less marked in the lymph nodes and lung, and absent in 
the intestinal tract and liver. The spleen and tlijonus also exhibited many 
mitotic figure-s and coixsiderable pleomorphism of the endothelial cells as 
well as many areas of necrosis and hemorrhage. Tliese changes suggested 
a transcendency of hyperplasia to neoplasia. Hoivever, the absence of such 
cliango-s in the jiroliferated endothelial cells elsewhere and tlieir relative 
uniformity in other organs gave the impression that the original and indeed, 
the picture as a whole was that of simple hyperplasia. 

Silver inqiregnation stains showed a pronounced increase in the reticulum, 
tlie fillers of which frequently tended to surround the individual endotheiiai 
cells. 

The Sudan H' stain revealed that occasional cells were filled with fine 
droplets of fat, some cells contained only a feiv droplets while the vast 
majority of the proliferated cells contained no stainable fat. 


Comment. The clinical syndrome exhibited by Case 3 of lymph 
adenopathy, splemiheimtomegaly, c-utaneoms petechim, bone defects 
liypochromic anemia, fever ami rapid down-hill course includes prac- 
tically all the important features of Lcttcrcr-Siwe’.s disease fnon- 
hpoid reticnlo-endothcliosis). 

The microscopic ])icture. with the exception of neoplastic changes 
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in the spleen and thymus, is clearly consistent with this concept. 
It is not iimisual in this disease to find small amounts of fat in the 
proliferated endothelial cells. The pulmonary changes of Case .3 
liave been more commonl^^ seen in Hand-Christian’s disease. The 
sarcomatous changes in the thymus and spleen are considered inci- 
dental and terminal. 

The difference between the lipoid and the non-lipoid varieties of 
reticulo-endotheliosis may, on first impression, seem adequate. 
riowe\'er, a study of the reported cases reveals, as Wallgren*® has 
stated, that these differences are not greater than the variations in 
pathologic anatomy between different cases of the same disease. He 
further emphasized that neither of the two diseases has any charac- 
teristic feature that cannot occur in the other, ^^^]at seems to us 
a logical view is expressed by both Wallgren^® and Glanzmann,'’ 
who look upon Hand-Christian’s disease as the chronic form, and 
upon Letterer-Siwe’s disease as the acute form of reticulo-endothe- 
liosis. The paucity of lipoid in Letterer-Siwe’s disease is e.xplained 
on the basis of its rapid course. 

The connecting link between Letterer-Siwe’s and Hand-Chris- 
tian’s disease is formed by those cases" possessing features 
intermediate between the two diseases. Several of these'®’®® e.x- 
hibited eosinophilic infiltration as a component of the osseous lesions. 
The connecting link between Letterer-Siwe’s disease and eosino- 
philic granuloma of bone is represented b,\’ the case reported by 
Guizetti.'® A .3-month-old infant had a solitary lesion of the hu- 
merus which showed the histologic picture of eosinophilic granuloma 
of bone. In addition, the bodj' of this infant showed visceral lesions 
characteristic of infectious reticulo-endotheliosis. 

Solitary Xanthoma of Bone. We ha'^'e found in the literature 
7 cases of solitary xanthomatous lesions of bone. In . 33 , 34 ,38 ^he 
histologic diagnosis or description indicated the presence of lipoid 
granulomatous tissue in the lesion. One'“ was said to be a pure 
xanthoma without admixture of granulomatous aspects and another- 
was said to be a “typical .xanthoma” which, in addition, contained 
'an abundant amount of hemosiderin. In 3 cases® the blood 
cholesterol was elevated: 224 mg., 274 mg., and 300 mg., per 100 cc., 
respectively. 

The presence or absence of eosinophilic Jeukocj’tes in the lesion 
was not mentioned by any of the reporters. Inasmuch as the infil- 
tration by eosinophilic leukocytes was either not mentioned or 
treated very casually in most of the reports dealing with Hand- 
Christian’s disease, little significance can be attached to this omis- 
sion in cases of solitary .xanthoma of bone. 

From a histopathologic point of view there may be nothing else to 
differentiate this type of lesion from that of eosinophilic granuloma or 
of Hand-Christian’s disease. Roentgenologically, no significant dif- 
ference maj" e.xist between the appearance produced by the lesions of 



GllOSS, JACOX: BETICULO-ENDOTHELIAL HYPEEPLASIAS OF BONE 685 


solitary xanthoma, eosinophilic granuloma and the individual lesions 
of Hand-Christian’s disease and Letterer-Siwe’s disease. 

Prognosis. Given a patient with a solitary bone defect ot the 
type seen in the reticulo-endothelioses a biopsy is necessary to 
establish the probability as a fact. If the microscopic picture is that 
of lipoid reticulo-endotheliosis, the lesion heals, and if no subse- 
quent ones appear within a year the chances that the patient is 
cured are good. If, however, other lesions develop there is approxi- 
mately a 30 % probability of a fatal outcome. 

If the microscopic picture is 'that of non-lipoid reticulo-endothe- 
liosis, Hand-Christian’s disease cannot be ruled out because lesions 
elsewhere in the body may be quite characteristic of the latter.^- 
However, if the osseous lesions are associated with an acute and 
rapidly progressive clinical course characteristic of so-called^ non- 
lipoid reticulo-endotheliosis the probability of a fatal issue is nearly 
100 %. 

General Considerations. Of the various lesions under discussion 
those of Hand-Christian’s disease are the most common. Neverthe- 
less, even the latter is so infrequently encountered that the average 
pathologist has little familiarity with it. It is not surprising to find 
that this disease has been diagnosed tuberculosis, osteitis-fibrosa, 
luetic osteitis, carcinoma, sarcoma and multiple myeloma. 

On the other hand, the literature also contains statements which 
imply considerable confidence in ability to arrive at the correct 
diagnosis. The statements “ no other condition causing destructive 
lesions in the skull in children has simulated it” (Hand-Christian’s 
disease), and “the diagnosis was uncertain until .r-ray showed the 
presence of Hand-Christian’s disease” indicate that either the writers 
were not familiar Avith other reticulo-endothelioses or they considered 
the latter identical Avith the former. 


The presence of small amounts of lipoid in the endothelial cells 
does not exclude non-lipoid reticulo-endotheliosis. Hoav much 
iilioid a lesion of this disease may contain and still deserve its classi- 
fication has not been defined. It has been customary to cla.ssify 
the lesion as lipoid reticulo-endotheliosis if “foam” cells or choles- 
tcrin-needle spaces are present. 

It appears that our knoAvIedge of the diseases involving reticulo- 
cndothelial proliferations, AA'hether focal as in eosinophilic granu- 
loma or solitary xanthoma, or more generalized as in Hand-Chris- 
tian’s ^ disease or Letterer-SiAve’s disease, is far from complete. 
Biopsies should therefore be encouraged ratlier than discouraged. 

The similarity in histopathologic features of eosinophilic granu- 
loma on tlie one hand and .solitary xantlioma as Avell as Hand- 
( hnstuin’s disease on tlic other, is quite close and warrants placing 
the.se conditions m tlie same general disease group. 

There does not seem to be any observed distinctive roentgeno- 
graphic or pathologic feature nor other decisive information at 
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])resent regarding any one of tliese lesions to justify their dogmatic 
segregation into separate disease entities. 

Likewise, the existence of cases with features intermediate be- 
tween Hand-( hristian’s disease atid Letterer-Siwe’s disease (or in- 
fectious reticulo-endothelio.si.s) raises the question of whether or 
not a sharp distinction between the lipoid and the non-lipoid reticulo- 
endothelioses is valid. 

Conclusions. 1 . Eosinophilic granuloma of bone is not a new nor 
distinct entity. It is a reticulo-endothcliosis and is probably identical 
with those cases of Hand-Christian’s disease which have been re- 
l)orted to have had solitary lesions. It is also closely related to 
certain other reticulo-cndothelial hyperplasias. 

2. The interrelationship demonstrated between eosinophilic gran- 
uloma and solitary xanthoma of bone, Hand-Christian’s and Let- 
terer-Siwe’s disease and the existence of cases with features inter- 
imedate between these so-called entities make sharp distinctions 
between them of doubtful A'alidity. 

3. Since there are no pathologic, roentgenographic or other 
decisive features known at present Avhich are distinctive for any one 
of these reticulo-endothelioses, the need for further study, including 
routine biopsy, in this type of case is apparent. 

4. Three case reports are presented which illustrate the variations 
in degree, stage of in\'olvement and localization of reticulo-endothe- 
liosis. 
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THE TOXICITY OF FLUORINE IN DICALCIUM PHOSPHATE. 

By Floyd DeEds, Ph.D., 

PRINCIPAI, PHARMACOI.OGIST, 

SAN FRANCISCO, CAI.IF. 

(From the Agi-ieultur.al Chemical Research Dmsion, Bureau of Agricultural Chemis- 
try and Engineering, United States Department of Agriculture, at the Department 
of Pharmacology, Stanford University School of Medicine.) 

Dicalcium phosphate is used as a dietary supplement during 
pregnancy, and for infants and children. Since fluorine is present 
in dicalcium phosphate as an impurity due to the sources of raw 
material or methods of manufacture, obstetricians and pediatricians 
should give consideration to the possibility of chronic fluorine 
poisoning. 

It appears unlikely tliat a contamination as great as 0.5% or 
5000 parts per million, would be encountered in dicalcium phosphate 
jirejiared by a responsible manufacturer. Howei^er, even such a 
liigh degree of contamination would not be likely to cause acute 
fluorine poisoning, since a dose of 2 to -1 gm. of dicalcium phosphate 
would represent an intake of only 10 to 20 mg. of fluorine. An 
acute reaction would be all the more improbable because of the large 
exce.ss of calciiun. Therefore, the problem requiring attention is one 
of chronic poisoning which differs from acute fluorine poisoning 
both as to symptoms and mechanism of action. 

An interesting feature of fluorine toxicosis is the difference in 
symptomatology and mechanism of action between acute poisoning 
and chronic poisoning produced by continued ingestion of fluorides 
over a period of time. l'’'or the purpose of tliis report interest in 
acute iluoriiie poisoning centers in the fact that an acutely toxic 
(lose of fluoride lowers tlie level of blood calcium and produces the 
symptoms characteristic of a decrease in blood calcium. The 
administration of calcium chloride or lactate is a sati.sfactory anti- 
* Agri<'ult)iral Chcniioal Rcsparcli Division Coni riinil inti No. 32, 
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flotal measure. In sharp contrast is the fact that chronic fluorine 
])nisonin}' res\il(in}^ from coiitimicfj in^mstion of jlnorjf)e.s is not 
charactcri'/eci hy a drop in the blood calcium lei-el. hloreoi'cr, tiicrc 
is no conclusive evidence that calcium administration alleviates the 
symptoms of chronic fluorine poisoning. 

The most striking and most easil}'- observed sjraptom of chronic 
fluorine poisoning is bleaching of tooth enamel, known as enamel 
dystrophy or mottled enamel. This dental defect has been re- 
peatedly demonstrated in rats and dogs, and occurs in man under 
conditions wdiere fluorine has been ingested more or less continuously 
in the drinking water during the time that the permanent teeth were 
being laid down. While this dental defect is the most readily 
observed injurious effect produced by the continued ingestion of 
fluorine, it is by no means the onlj'- undesirable effect. The review 
by Kaj Roholm® presents adequate evidence of the deleterious effect 
of fluorine on the bony structures in general. 

Evidence obtained both in vivo and in vitro'^ in this laboratory 
strongly suggests that the fundamental mechanism involved in 
chronic fluorine poisoning is an inhibitory action on bone phos- 
phatase activity. The recent report by Wilson, DeEds and Cox'® 
on cadmium toxicity lends support to the idea that an inhibition of 
phosphatase activity is intimatelj”^ associated with the impairment of 
calcification. It was shown bj'’ Wilson and DeEds that the continued 
ingestion of cadmium b}" albino rats produced a bleaching of the 
incisors indistinguishable from that caused by fluorine. The 
possibility that the bleaching of rat incisors might be caused by a 
sensitization of the rats to the action of small amounts of fluorine 
normally present in the diet, rather than to the cadmium per se, was 
not conclusively ruled out. However, the demonstration in vitro 
that cadmium in a concentration of 10-® N equivalent to 112 parts 
per million, reduced the activity of a bone phosphatase preparation 
to 8% of the activity in the absence of cadmium, strongly suggests 
that cadmium per se can produce the same lesions in bony structures 
as does fluorine. 

If the cation cadmium per se can produce the same defect in 
tooth enamel that is produced by the anion fluorine, it seems un- 
likely that the defect is due to a deficiency of calcium. A more 
fundamental mechanism must be postulated to account for an 
abnormal calcification produced by either a cation or an anion. The 
important deduction to be made is that an abundant or excessive 
intake of calcium might not be expected to counteract the toxic 
action of continuously ingested fluorine. 

Present Studies. An excellent test of the effect of an increased 
calcium intake on the chronic toxicity of fluorine is the determination 
of the toxicity of fluorine as found in dicalcium phosphate. 

A patent has been granted to M. H. Merchant-* for the removal 
of fluorine compounds from bone liquors. It is pointed ont in this 
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nntnil ibat ilic ilnorine rontcnt of (lirnicium pbospbate as ordi- 
narily prepared Iroiu bone liquors may run as hiRb as 1000 parts 
per million, or even more, and that good diealeivuu phosphate oi 
commercial grade preferably contains not more than 0.03%, or 
300 parts per million. Merchant states tliat, since fluorine is con- 
sidered objectionable in foods, or in chemicals to be used for human 
consumption, it is desirable to reduce the fluorine content of di- 
caicium phosphate to as low a ^'alue as possible, such as 20 to 40 


parts per million. 

The sample of dicalcium phosphate used in this study was supplied 
by the Food and Drug Administration. Their analyses showed a 
fluorine content of 0.27 %, or 2700 parts per million. The possibility 
of a toxic action traceable to the fluorine in the dicaleium phosphate 
was tested by incorporating the material in various concentrations 
in a well balanced dieT*' and feeding it to groups of albino rats.^ 
Twenty albino rats (12 females and 8 males) were divided into 
four groups containing 3 females and 2 males each. All the rats were 
of approximately the same age, being born within a period of 5 days. 
The rats were quite uniform in iveight (average, 41.7 gm.). Each 
group of rats was placed in a cage permitting free access to water 
and food at all times. Four diets were prepared containing 3, 
G, 12, and 24 gm. of dicalcium phosphate per kilo of diet, corre- 
sponding to 8.1, 16.2, 32.4, and 64.8 parts of fluorine per million 
parts of diet respectively. One group of rats was placed on each 
of these diets, and observations were made on an average of once a 
week for changes in the coloration of the incisor teeth. 

When the incisor teeth of the young albino rat first erupt they 
are completely white. Even at the age of 30 days, when the rats 
weigh 40 to 50 gm., the incisor teeth have little of the color char- 
acteristic of the adult rat. During the next 20 to 30 days the 
anterior enamel surface of the incisors darkens rapidly until it 
reaches the depth of color seen in the normal adult rat. The final 
increase in coloration is a slow process. 

The fluorine present in all dosage levels of dicalcium phosphate 
used adversely aft’ected the normal rate of coloration of the rat 
incisors. A concentration of 0.3% dicalcium phosphate, corre- 
sponding to 8.1 parts of fluorine per million parts of diet, slightly 
retardeil the rate of tooth coloration for the first 30 days anil 
suhsecpiently actually produced a definite degree of bleaching as 
compared with- the controls. Doubling the concentration of dical- 
cinm phosjihate gave a fluorine concentration of 16.2 parts per 
million and caused a bleaching of the rat incisors as early as the 
loth day. The bleaching developed rapidly after the SOth dav. 
Levels of dicalcium jihosphate corresponding to 32.4 and 64 8 parts 
of fluorine per million parts of diet produced a final degree of bleach'- 
mg only slightly more severe than that resulting from 16.2 parts of 
fluormc per million, Init the bleaching action became evident mmh 
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earlier, especially on the highest fluorine intake where little colora- 
tion of the incisors ajipeared at any time. 

The dosage levels of diealciuin pho.sphate used Avere determined 
by the known fluorine content, and the previously reported fact- 
that 14 parts of added fluorine, in the form of sodium fluoride, per 
million parts of diet produced unmistakable bleaching of rat incisors 
in all rats. The obvious conclusion from the results in this report 
is that the fluorine content in dicalcium phosphate is as readily 
aA^ailable for production of chronic toxicity as is the fluorine in 
sodium fluoride. The calcium and phosphate had no demonstrable 
antidotal effect. The results support the claim that chronic fluorine 
poisoning is not associated AA'ith calcium depletion. 

Possible Clinical Significance. For purposes of supplementing the 
diet Avith calcium and phosphorus, the recommended daib' dose of 
dicalcium phosphate for a period of Aveeks or months is 5 to 1 tea- 
spoonful for infants, and 5 to 14 teaspoonsful for children. Let us 
assume that the aA^erage daily dose of dicalcium phosphate is 1 tea- 
spoonful, or approximately 60 grains, equivalent to 3.8 gm. The 
dicalcium phosphate sample used in this investigation had a fluorine 
content of 0.27%. This means that the average daily dose of 
approximately 4 gm. of dicalcium phosphate would represent a 
daily fluorine intake of 10 mg. . Moreover, it must be borne in mind 
that this fluorine intake is superimposed upon that which is un- 
aAmidablj'- ingested with food and water, and which represents a 
variable and unknown amount. It has been reported that drinking 
water containing 1 part of fluorine per million can produce mottled 
enamel in children. ■ If the aA^erage daily consumption of such 
water is assumed to be 1 liter, approximate!}' 1 quart, it is seen that a 
daily fluorine intake of 1 mg. produces mottled enamel in at least 
some children. Therefore, an aA'erage daily dose of 1 teaspoonfiil 
of dicalcium phosphate haA'ing a fluorine content of 0.27% repre- 
sents a fluorine intake 10 times the amount knoAvn to be injurious 
to the teeth. This conclusion is supported by the results of this 
inA^estigation AA'hich have shown that the fluorine in dicalcium phos- 
phate is as physiologically actiA-e as is fluorine in sodium fluoride. 

A brief reA'iew of the pertinent reports in the literature on fluorosis 
Avill suppl}’’ the background of information which, from the view- 
point of the obstetrician and pediatrician, gAes added significance 
to the results herein reported. These reports are concerned with the 
maternal transfer of fluorine, the effects in the newborn and on the 
deciduous teeth, evidence on the mechanism of fluorosis, and evi- 
dence for effects other than the production of mottled teeth. 

In an earlier report from this laboratorj’’^ it was shoAATi that the 
bones of 3"oung rats suckled by mothers receiAung sodium fluoride 
in the diet exhibited a decrease in phosphatase actiA'ity as compared 
Avith controls. In harmony Avith this obserAmtion is the report by 
Robison and Rosenheim* that a concentration of 0.00001 M 
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sodium fluoride in the perfusion liquid inhibits calcification in 
miro. Murray^ has reported that the average fluorine content ot 
the bodies of five litters of rats born of mothers receiving 0.05% 
sodium fluoride in their diet was significantly higher than the 
average fluorine content of five litters born of normal mothers. 
Murray concluded that the amount of fluorine transferred in utcro 
was large enough to be harmful in the light of the calcification studies 
by Robison and Rosenheim.^ Murray® has also demonstrated the 
transference of fluorine during lactation. The possibility of fluorine 
poisoning during uterine life has also been investigated by Yelu^^ 
who concluded that young animals born from mothers exposed to the 
influence of fluorine develop dental alterations which mugt have 
originated during the time before birth. Smith and Smitlfli have 
reported on the occurrence of mottled enamel on the temporary 
teeth of children living in a district where the water supply contained 
from 12 to IS parts of fluorine per million. However, these authors 
state: “Severe mottling of the enamel of the temporary teeth has 
since been found in the breast-fed infants. This points to the 
passage of fluorine into the fetal system or into the milk supply of 
the nursing mother. Again, the fluorine concentration of the water 
supply was found to be excessively high.” 

It is outside the scope of this report to review all the evidence 
related to the changes in teeth and bone produced in chronic 
fluoride poisoning. For a more detailed account and references the 
reader is referred to the excellent review of Kaj Roholm.® However, 
the conclusions of se\feral investigators may be given. For instance, 
Sutro^- studied the changes produced in rats and concluded that the 
changes produced in teeth and bones are due to a chemical dis- 
turbance unrelated to the parathyroid glands. -This author believes 
that the appearance of osteosclerosis in both clinical and experi- 
mental chronic fluoride poiso}iing may throw some light on the eti- 
ology of idiopathic osteosclerotic diseases. Schour and Smith^** 
have concluded that fluorine probably exerts a direct local action 
on the enamel-forming cells, and that the observed changes in the 
enamel and dentine are not produced primarily by changes in blood 
calcium and phosphorus or by disturbances in the parathyroids. 
Phillips, Hart, and BohstedH studied fluorosis in dairy cows, and 
showed that a fluorine intake in excess of 3 mg. per Idlo of body 
weight greatly reduced milk production, that reproduction was 
unaffected, but that there was a delay in the anpearance of estrus 
after parturition and a lower body weight in the newborn calves. 

_ For^ the most part, interest in the effects of long-continued 
ingestion of small amounts of fluoride has centered in the changes 
produced m hones and teeth, especially the latter because the chanijes 
are more obvious, although they may not be the more serious It 
has been shown by Wilson and DcEds» tliat thvroid exerts a svner- 
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gistic action on fluorine toxicity, and DeEds, Wilson and Cutting’ 
have shown the same to be true of thyrotropic hormone. -Not only 
is there a hormonal relationsliip to fluorine poisoning, but there 
may be other and far-reaching effects due to the fact that fluorine 
is a general protoplasmic and enzymatic poison. Phillips and 
Harp studied the effect of organic dietary constituents upon chronic 
fluorine poisoning in the rat and concluded that the mode of action 
of fluorine is .systemic in character and is produced by a general 
inhibition of enzymic systems, and that fluorine may interfere with, 
or disturb, the activelj' metabolizing systems involving phosphoric 
acid esters. 

The sample of dicalcium phosphate used in this investigation 
was obtained in 1937 and had a fluorine content of 2700 parts per 
million. Hence, an average daily dose of (50 grains (or 3.S gm.) 
represents a fluorine intake 10 times the amount known to be 
injurious to teeth. Therefore, the fluorine content of dicalcium 
phosphate should not exceed a maximum of 0.02 %, or 200 parts per 
million. No information is available regarding’the fluorine content 
of dicalcium phosphate on the market at the present time (1941). 

Summary. 1. The toxicity of fluorine present in dicalcium phos- 
phate has been investigated, using the bleaching of rat incisor teeth 
as a criterion of injurious action. 

2. The fluorine present in dicalcium phosphate has been shown 
to be as physiologically active as fluorine administered as sodium 
fluoride. 

3. An average daily dose of 1 teaspoonful of dicalcium phosphate 
containing 0.27 % fluorine represents a fluorine intake 10 times as 
great as the amount said to produce mottled enamel in at least some 
children. 

The author is indebted to the Food and Drag Administration, Federal Security 
Agency, for data on the fluorine content of 10 samples of dicalcium phosphate 
prepared before July, 1939, by various American manufacturers. The fluorine con- 
tent of these samples, expressed as parts per million ranged from 11 to 49S, and 9 of 
the 16 samples ranged in value from 30 to 66. 
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' THE RESPIRATION IN MYASTHENIA GRAVIS. 

Br Daniel Laszlo, M.D., 
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F. C. Redlich M.Dm 

NBURODOGICAI. units, harvard MEDICAU SCKOOU, BOSTON CITY IIOSPITAT., 

BOSTON, MASS. 

In tlie past few years our knowledge of the pathophysiology of 
myasthenia gravis and its treatment by prostigmine has been greatly 
increased bv many publications, especially those of M. B. Walker,® 
Bootlib5',® Kennedy and Moersch,'* Yiets and Schwab,® and Minot, 
Dodd and Riven.® 

Comparatively few observations have been made of the function 
of breathing in patients with myasthenia gravis, although the respi- 
ratory muscles are often involved in these subjects, giving rise to 
disturbing and occasionally alarming symptoms. K. MendeP corn- 
mented on the roentgenologic evidences of respiratory changes in 
persons witli myasthenia gravis. Albertoni^ noted the presence of 
Cheyne-Stokes respiration in this condition, while Minski and 
Stokes’ used kymographic respiratory curves to demonstrate the 
beneficial effect of prostigmine. Gammon and Scheie® studied the 
effect of prostigmine upon the height to which a mercury column 
cPuld be blown. In contrast to other central or peripheral lesions 
studied so far, the authors found only in patients with myasthenia 
gravis a definite improvement. Thejf advocate therefore the use of 
pro.stigmine as a diagnostic test for this condition. 

We studied some aspects of the respiratory function in 5 subjects 
with classical myasthenia gravis. Two of these patients suffered 
from recurrent sei'ere suffocative attaclis characterized by extreme 
restlessness, a feeling of anxiety, pale cyanotic discoloration of the 
skin, rapid feeble pulse, fever, and labored breathing. The rapid 
shallow breathing during an attack was carried on predominantly 
by the accessory respiratory muscles with very little movement of 
the chest or diaphragm and was interrupted by a continuous dry 
hacking cough. Wheezing rales were present oi-er the entire chest 
and numerous rhonchi were audible in the bases’. This syndrome 
uiay he considered as an atelectatic pneumonia induced by the 
inefficient breathing apparatus. 

We were interested in ascertaining the degree of disturbance in 
hreuthing in myasthenia gravis and in determining wliether simple 
tests (if the resjiirutory function could be used for gauging the 
severity of the disease. The following functions were studied in 
•I iiaticnt.s with myasthenia gravis; 1, The vital capacity, its 
changes in rebpises and during remissions induced by prostigmine. 

Ihe muscular and diaphragmatic movements as determined by 
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roentgenographic metliods. 3, Tlie degree of oxygenation of the 
arterial blood. 

_ The vital capacity fluctuated widely in the same patient but was 
distinctly low in all 5 cases. In general, the more severe the inyas- 

VitalceLpacity 



Chaht 1. — Increase of vital capacity in myasthenia gravis after subcutaneous 
administration of 0.001 gm. prostigmine. 



CiLAnx 2. — Increase of vital capacity in myasthenia gra\TS after subcutaneous 
administration of 0.001 gm. prostigmine. 
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thenia the lower was the vital capacity. In the 2 severest cases 
exceptionally low values (4.00 to 500 cc.) were observed, while dunng 
the suirocative attacks the vital capacity could not be ineasuied. 
Injection of prostigmine in these subjects was folloAved by a prompt 
rise in vital capacity, occurring simultaneously with the improve- 
ment in the patient’s general condition. This reaction is illustrated 
graphically in Charts 1 and 2. 

Table 1. — Cobbelation Between Vital Capacity and Musculab Function 

Following Pbostigmine. 


Time Vital 

(min.). capacity. 

Before prostig- 1100 

mine 


General condition. 

Dysarthric speech, lid lag, difficulty in swallow- 
ing, passive recumbent position, arms can be 
raised to 20-degree angle 


Injection of 0.5 Mg. Prostigmine Subcutaneously. 

2 1400 Arms can be raised to 45-degree angle 

G 1000 Can look up, speech unhindered, swallowing 

possible 

S 1900 Arms can be raised to 90-degree angle, patient 

can get out of sitting position and walk several 
steps unsteadily 

« 10 1900 No change 

20 2000 Can hold arms outstretched for several minutes, 

walking improved 

23 2300 Can stretch arms, and walking, speech, ocular 

movements and swallowing normal 

30 2400 No change 

00 2500 No change 

90 1900 Fatigue after 20 steps; maximum arm raising to 

45-degree angle, mild ptosis 

120 1700 Ptosis unchanged; arm raising to 30-degree 

angle; has to stop after walking 5 steps 

ISO 1500 Arm raising to 30-degree angle, walking and 

standing impossible 

240 1400 Unchanged 

300 1200 Speech, swallov.dng and eye movements as before 

injection; patient cannot rise from recumbent 
position 


The improvement in the vital capacity as well as in the general 
condition may be noted within 10 minutes after the injection of 
jirostigmine and may last several hours. 

_ For some unknown reason the response to prostigmine varies in 
diherent individuals and in the same individual from time to time. 
It is important to note, however, that changes in the vital capacity 
paralleled closely the changes in other muscular functions. This 
correlation is illustrated in Table 1. It is typical of reactions which 
we have observed repeatedly in these patients following the adminis- 
tration of prostigmine. 

This parallelism was observed in the spontaneous remissions which 
frequently occur in this disease, as well as in those induced by pro- 
stignune, clinical improvement being reflected in the increase in the 
values for the vital capacity. On the other hand, in several instances 
m winch no marked clinical improvement followed the injection of 
prostigmine no appreciable change in vital capacity was detected. 
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'I'lic spiroHicIric inc-tliod in:iy he used to dcnionslr.-itc the rffioicy 
()l v:iri()iis llicraprutic measure's in inyasdu'iiia f^ravis. We round, 
lor iiistanee, that calleim;, stryclniiiie, eplieilri/ie, \’eratriiie and 
inhalation of mixtures of CO™ and O 2 had no distinct influence on 
the symptoms and signs in myasthenic patients ■who responded 
jiromptly to jirostigmine. 




Fig. 1. — Myasthenia grai-is. The tliaphragnia level on normal ( i) and 

forced ( 1) inspiration and normal ( e) and forced ( E) expira- 

tion before prostigmine. 


Roentgen ray and fluoroscopic obser\'ations were made by Dr. F. 
Fleischner on patients with myasthenia gravis in various stages and 
during periods of remission induced by prostigmine. When the vital 
capacity was diminished, the most striking abnormalities noted were: 
1, Reduced motility of the diaphragm, amounting in severe cases 
almost to paralysis. 2, Elevation of the ribs and thoracic lordosis. 
3, In severest cases signs of atelectasis. The prompt restoration to 
normal diaphragmatic and thoracic motion following the adminis- 
tration of prostigmine maj' be strikingly observed fluoroscopically. 
This reaction is illustrated in Figures 1 and 2. 

The marked reduction in the breathing surface led us to investi- 
gate the question of arterial o.xygen saturation. Blood was drawn 
in paraffined vessels from the brachial or femoral artery and analyzed 
for its o.xygen content and oxygen capacity, using the method of 
Van Slvke. The results in 3 experiments are shown in Table 2. 
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It may be seen that despite the extreme reductions in vital 
camcitv there is little or no diminution m the oxygen content o: 
saturatLn The hvperpnea, no doubt, compensates in part foi the m- 

^ctimi. The absence of h, Toxemia despite the low 
vital capacity may be contrasted to the conditions which we obsen e 
in pulmonary edema or pneumonosis where arterial hypoxemia may 




Fig. 2. — After subcutaneous prostigminc administration. 


T.mu.k 2. — Artkuiai. 0: Content and Satuhation, Vitae Cadacitv *BEi-onE and 

After Prostigmine. 

Oi content O; saturation in % Vital capacity 

(vol. %). of total capacity. (cc.). 


Patient. 
St. K. . 
Fr. St. 
M. D. 


before jlfter 

Prostigminc. 

15.74 1G.79 

1G.95 17.72 

22.64 22.64 


Before After 

Prostigmine. 

95 99 

92 99 

99 99 


Before After 

Prostigmine. 

600 2200 

1000 2600 

1000 2000 


be pre.sent associated with vital capacities considerably higher than 
those recorded above. The arterial anoxemia in the latter is pre- 
sumably due to difficulties in gas dilVusion through the pulmonary 
alveoli. The absence of this barrier in our jiaticnts may serve to 
exiilain the apiiarently normal aeration of the blood in tlie lungs. 

Measurement of the vital capacity is simple, objective and di- 
rected to a vital bodily function. It is reconimended as a supple- 



G9S bassler: the intestine and chronic arthritis 


incut to the functional tests used in patients with myasthenia gravis 
to determine the severity of the disease and the efficacy of therapeu- 
tic agents. 

Summary. Certain aspects of respiratory functions were studied 
in patients with myasthenia gravis. The vital capacity is greatly 
reduced due to inefficiency of the diaphragm and auxiliary muscles 
concerned in breathing. Changes in vital capacity parallel closely 
alterations in the general state. It may be used as a reliable 
measure of the severity of the disease and the efficacy of therapeutic 
procedures. Despite extreme reduction in vital capacity there is no 
apparent interference ivith oxygenation of blood in the lungs. 
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THE INTESTINE AND CHRONIC ARTHRITIS.* 

By Anthony Bassler, M.D., F.A.C.P., LL.D., 

CONSULTING GASTRO-ENTEROLOGIST TO ST. VINCENT’s, MISEBICORDIA, NEW ROCHELLE, 

ST. John’s, st, agnes, Jewish memorial and Christ's hospitals, 

NEW YORK, N. Y. 

AtjRELLANus, in the fourth century a.d., considered an arthritis 
as of gastro-intestinal origin with a hereditary predisposition. Paul 
of Aegnia regarded the intestinal tract with its disorders as con- 
tributing to both gout and arthritis. Popoff, in 1887, experimentalb" 
produced arthritis with streptococci, which has been confirmed by 
others. Burbank and Hadjopoulos, with an antigen from strepto- 
cocci obtained from the blood and upper respiratory sources studied 
various infective foci remote from the intestinal tract. It has not 
been emphasized, however, that intestinal organisms might by their 
presence in the blood stream be a cause of joint disturbance and by 
way of continued reinfection assail the local and general immunity 
production forces. 

There is no totally distinctive change in the generally recognized 
two types of chronic arthritis, which are usually recognized as having 
a wide overlap. The thickening and round cell proliferation of 
the synovial membrane, granulation over the synovia, adhesions 
with increase of fibrous tissue, involvement of the periarticular 

* Read before the Mid-Hudson Chapter of the National Gastroenterologieal 
.Association, Januaiy^ 20, 1941; Lackawanna County Medical Society, Scranton, 
Penna., April 15, 1941; New Rochelle Medical Society, April 14, 1941; and t 
New Y'ork Ruptured and Crippled Hospital, April 21, 1941. 
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tissues, ankylosis and the cementing together of joints are seen in 
both types." The pathologic pictures in spondylitis is similar to 
that of joints and bones elscndiere in the body. Although the cases 
have similar changes, the predominance of one or other type war- 
rants the use of the terms atrophic or hypertrophic. There is much 
about them that suggests some type of an infection as an important 

etiologic factor. _ , . i . 

Not much, credence has been placed in the value of skin reactions 

or allergic tests to bacteria to suggest the infective unit, and the 
same may be said about the presence of agglutinins and precipitins, 
to streptococci particularly. Pauh points to the concept of focal 
infection not playing a part in the continuation of the disease 
although the so-called “eradication of foci of infection” may be of 
benefit in the early stages of rheumatoid arthritis. Others believe 
that a focal infection may be a “precipitating” factor .but that it is 
not the fundamental cause of the continuation of the disorder. 
This is suggested in that the removal of focal infections does not 
benefit the average chronic case, and if so, mostly in the indirect 
way of improving the general state of health. There is believed to 
be insufficient evidence that any of the organisms which may be 
demonstrated in a focal infection actually causes arthritis. Burbank 
states that he has demonstrated streptococci in the canaliculi of 
the cancellous tissue of joints; but in the vast majority of the case^ 
this condition is not present and almost never late in the disease. 
There have been suggestions that it is a systemic disease in origin. 
For instance, arthritis may ensue in hyperthyroidism, the meno- 
pause, after coronary thrombosis, exposure to damp and cold, ner- 
vous shock, psoriasis, ulcerative colitis. This, however, does not 
eliminate the intestine as a cause. 


We luay^ agree that there is some clinical evidence that points to 
an initial infection starting arthritis, and, accepting the intestinal 
canal as one of the sources of this infection, that slow additions of 
bacteria, even if they do not successively lodge in the joints, may 
continue it. We have three substantiations for this assumption: 

1, it is proven that bacteria pass through the walls of the intestine; 

2, that ei-en in clean cases the peritoneal cavity may contain intes- 
tinal bacteria; and 3, that intestinal bacteria may be found in the 
general blood stream. We would deal, then, with organisms in the 
digestive canal which gain the circulation and unless they are con- 
trolled in the intestinal tract, the results from most treatments 
would be limited. The process then would be an infection of the 
blood stream from the bowel and the lodgment of the bacteria in 
the canaliculi of the cancellous tissue adjacent to joint surfaces 
(where they are the smallest in the body) and the periarticular tis- 
sues, their destruction by local immunities causing a reactive chanee 

conthiuing in allergic ways by further blood 
Stream infection or absorbed specific toxins from the bowel. 
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'J'Ir' liigli incidence of intestinal bacteria in tlie l)]ood of one vein 
tap in non-artliritic as well as arthritic persons (5% to 8%),^"'- the 
remissi^■e character of the disease and the benefits from intestinal 
treatments suggest this factor. The fact that the body often has 
to contend with intestinal bacteria in the blood stream and that 
only about 2 % or 3 % of the population in the United States becomes 
a victim of chronic arthritis, suggests that some people are more 
lucky than otliers in their immunity makeup, that there may be an 
hereditary or biologic resistance to an infection, or that many of 
the organisms are not joint selective in nature. Such assumptions 
are more reasonable to entertain than that there is some form of a 
“virus” as its fundamental cause, that rheumatic arthritis “is a 
systemic disease” of some mysterious nature, or that it is totally 
“ metabolic” in cause. For the latter we have no bases of reasoning 
such as we hgve in the initial joint infection with the development of 
an allergy to the bacteria present in chronic arthritis. 

In 1920’*' attention was drawn to the colon in connection with 
chronic arthritis. Thirty-four cases of typical polyarthritis were 
described, in which but one improved noticeably from the removal 
of a focal infection above the clavicle, and 10 showed no evidence 
of focal infections. The clinical findings and methods of handling 
were described, and the results in the joints by the handling of a 
chronic biotoxic intestinal condition presented. Of these 44 cases, 
marked improvement was observed in 21, moderate in 19, and none 
in 4. Attention was drawn to arthritis and the colon in connection 
with type diets and infections with C. u'elcMi, Gram-positive single 
and double cocci, B. jndrificum, and pathogenic types of B. coH, 
staphylococci and streptococci. With apologies for quoting myself, 
the following was presented, “There is good reason to believe that 
in the early course of this disorder if attention is given to the colon, 
as well as to other focal infections, many would be saved a fate of 
chronic joint deformity and invalidism.” But in the last 20 years 
the significance of streptococci as an etiologic factor in chronic 
arthritis has received pointed attention, and the writer now desires 
to modify his original conception of a chronic biotoxic intestinal 
state causing the disorder in a catabolic way, and agree to the 
bacteria themselves as probably the more important factor. 

The writer''' drew attention to several types and strains of strep- 
tococci recoverable from the intestinal canal, those of the fecalis, 
initis, equinus and heinolyticus types being most frequently found. 
Because of the variation ability of all streptococci when studied by 
cultural methods, .sharp genus differentiation of the various types 
leaves doubts about the hemolytic, non-hemolytic and green-pro- 
ducing tyjies being definite separate forms. The distinct blood- 
hiking types (pyogenes, heinolyticus, hcmolyticus I and II) arc 
con.spicuous in this mutation ability, and this no doubt is true with 
all strciitocoeci. Of the various types (of which there are some 3a 
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(ir more), nil streptoeoeei nre licmolytic to some degree. Tlie ques- 
tion here of iiemolytic ])ower is largely one of degrees, this eom- 
monl3" changing in wliat appears to be the same strain. Tliere is 
evidence, however, that streptococci are common denizens of the 
intestinal canal in apparently healthy persons and that distinct 
high hemolytic forms are met with in about 7% of normal persons, 
and that when there is disease and disorder of function in the bowel 
they are met ivith more often. In 50 cases of ulcerative colitis, for 
instance, high hemoljdic streptococci were met with in 42 cases, 
and the non-hemolytic and viridans in all. A factor of importance 
in the presence of pathogenic streptococci is that the.y are more often 
met with when certain other bacteria are present. These particu- 
larly are the organisms of the Eberthella, Salmonella, Shigella and 
Escherichia groups to which others to be mentioned can be included. 
In clinical medicine these symbioses appear to be an important fac- 
tor in infections. Not only do certain organisms multiply freely in 
the presence of others, but also there is suggestion that added viru- 
lences and toxicities are acquired bj' the combination, such as is 
present in pulmonary tuberculosis for instance. In no part of all 
infections is this so important as it is with organisms in the intestinal 
canal. The more definite the incidence of a mixed infection, very 
probably the more definite is the etiologic significance of the strep- 
tococci. To appreciate the significance of streptococci in the bowel, 
it is necessary to study the association of these other organisms, 
because apparently streptococci in significant numbers do not con- 
tinue in the intestinal canal without an associated infection to assist 
them. It is possible that non-streptococcic organisms recoverable 
from the blood stream would also have significance as enhancing 
and allergic factors in chronic arthritis. IMost often the organisms 
recovered from the blood stream are streptococcic in origin, although 
morphologically and culturally they may not appear to be unless 
they are studied by different medias and after passing through 
several subcultures. A student of intestinal bacteriology can look 
with doubt upon any specific streptococcus causing rheumatoid 
arthritis, such as the Hastings-Bedell strain and that recently sug- 
gested by Cecil, Nicholls and Stainsby.® Burbank appears to be 
nearer correct when describing the ignavus, fecalis, viridans, infre- 
quens, mitis, salivarius, equinus and subacidus, all of which are 
common denizens of the human intestinal canal and all of which are 
mutable. It is reasonable to believe that a streptocoeeus met with 
in the joints of chronic arthritis could have been one of the well- 
known more innocent strains initially and by mutation acquire 
a virulent factor and even different culturable abilities and stain- 
ing characteristics. Often in blood cultures one seems to be 
dealing with a bacillus which on cultural observation ends up as a 
coccus. Even in the Gram-negative organisms mutation-like 
changes appear to be common. 
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A group of cases of chronic arthritis were studied and treated 
along biologic ways. These patients were placed upon a test diet 
(]). Od),’*" casual stool specimens being considered unsuitable. This 
diet was maintained for 72 hours and a purged specimen used for 
culture studies. The stool first was examined for general character, 
reaction, food detritus, ova, and so on, and note made of the con- 
spicuous types of microorganisms present. Specimens were then 
inoculated into different medias, more particularly as follows: For 
the streptococci, beef-heart infusion and with agar, beef blood and 
brain-dextrose broth; for the Eberthella, Salmonella and Shigella 
organisms, the jMacConkey, bismuth-sulphate agar, tetrathionate 
broth, Ligler iron-agar or Krumwiede triple sugar agar were em- 
ployed; for the coloniform organisms, egg meat mediums, endo, 
hlacConkey’s and Krumwiede media. A separate set of observa- 

Table 1. — Analysis of 331 Cases of Arthritis (General Group). 


Improved. 


Description. 

Cases eliminated for various reasons 
Cases in which a positive focal infection 
e.xisted (other than intestinal) and 

No. 

37 

Acute. Chronic. 

Greatly. 

Mod. 

Not. 

initially treated as such* .... 

Cases in which gonorrheal infections 
were possible; these are included in 
the focal infection Group 2t . . . 

Cases in which the arthritis was con- 
sidered as due to gout and treated as 

109 

G 

11 98 

G 

24 

19 

00 

such* 

Endrocrine instances treated first by cs- 

21 

8 13 

14 

2 

0 

trogens and other glandular products* 
Trauma and c.xposuro considered impor- 

92 

7 8.') 

10 

18 

58 

tant; treated by rest, splints, etc.§ 
Positive Wasserntann and Kahn cases; 

9 

9 

2 


7 

treated for syphilis for 4 months 1. 
Con.«idorcd as gastro-intestinal initially 

3 

5S 


2 

1 

2 


• Of the acute ca«cs they all improved satisfactorily. All of the moderate and non-improvc- 
meat pa'*t’<5 were treated intestinally subsequently. 

t The.-e were cases in which there had been a bL-storj- or a possibility of this infection (eroded 
cervix), tender or swollen rallopian tubes, pus cells in prostate strippings. Two were added to 
the intestinal group subsequently. 

X The moderate and no improvement cases were added to the intestinal group subsequently. 

I The non-improved cases were added to the intestinal group subsequentb*. 

tious for 10 days were made with lytic tubes containing 2% dextrose 
bouillon to study the incidence of phage action and to note the most 
persistent tyjjcs or forms, those lysing in the first few days being 
regarded as not important. This method is also useful for subcul- 
ture identifications. Other than the streptococci and staphylococci, 
the rest of the Gram-positive organisms strict anaerobic types) 
did not get much attention, as they were regarded as insignificant in 
a pathogenic sense in these cases. Three blood cultures apiece were 
nuule routinely in 100 cases, with several media. These were posi- 
tive in 17% of the instances. As this was 8 % on one vein tap and 
12% OR - taps, and 17% on 3 taps, a group of 25 cases of chronic 
arthriti.^ was ta])ped weekly for 10 times and in these there were 
11 j)o.sitive, practically •14%. It seems reasonable to assume that 
if more vein ta]>5 were made a still higher percentage of positives 
would he noted, even accepting tliat our cultural methods are not 
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as satisfactory as could be desired. Ten vein taps were made on each 
of 25 healthy individuals for a compa.rison, here 12% being positive. 
Apparently in chronic arthritis the incidence of positive blood cul- 
tures is higher than in healthy cases. It would be interesting to 
know what the incidence of positive blopd cultures would be in 
chronic disease other than chronic arthritis. Even then, however, 
the question of joint selectivity of bacteria and allergy could not be 
judged. 


Table 2.— Total of 202 Cases Treated Gastro-intestinally (94 Males, 

108 Females). 

Improved. 


Description. 

No. 

Greatly. 

Mod. 

Not. 

Secondary biotoxic states due to various gastro;-iiitcstinnl 
conditions other than primary biotoxic intestinal states 
and treated as such initially* 

51 

30 

8 

7 

Considered as probably straight streptococci infections 
and treated as such with fecal streptococci ns vnccinesf 

21 

12 

7 

o 

Primary biotoxio intestinal states of mixed infections 
treated as such 

181 

124 

33 

24 


* The moderate and non-improvement cases are included in the primary biotoxic grov\p. 
t The 2 not improved were added to the biotoxic group. 


Aecording to the bacterial findings and significances, biologic 
treatment was set up, in as simple form as possible to be practical. 
Briefly they were as follows: 

1. Rectal Imtillaiions. On the bases that antagonisms existed 
between the strains of the B. communior, B. acrogeries and B. acidi- 
lactici of Bacilli coli (Dunham’s classification) and the other strains 
of Escherichia coli and forms of pyogenic and zj^mogenic organisms'" 
(in which the Salmonella and Eberthella are included), bi-weekly 
rectal injections were employed in the cases all the way through the 
treatment. Fifteen cubic centimeters of a 24-hour growth in 2 % dex- 
trose bouillon of each (making totally about 15 trillion viable 
organisms) were made up to 100 cc. by the addition of a 1 % dextrose 
solution, after which the patient rested on the left side for 15 min- 
utes. In about half of the cases an insignificant drop in the leuko- 
cyte count of a fifth to a third was noticed at about 8 hours after 
the first few culture instillations. After about 2 months of treat- 
ment a subjective sense of fatigue may be complained of by the 
patient, and toward the end of treatment a few will present a slight 
amount of disorientation. This may be controlled bj^ a moderate 
dose of aspirin after which the instillations should be stopped. The 
rule was that when the injected strains of B. coli continued growing 
in the colon, advantage was taken of the patient’s selectivity to 
these organisms and cultures were made directly from the patient’s 
stools and used instead of stock strains. This apparently is a 
distinct advantage. 

2. Oral Phages. In all of the well-advanced and established 
cases, and when distinct benefit ha's not been brought about in a 
few weeks’ time, a phage type of mouth administration was also 
employed. According to the observation made in lytic observa- 
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tions,* the time was noted when further phage treatment did not 
take place from day to day. The then persisting and resisting 
types of organisms were inoculated into 500 cc. of 2% dextrose 
bouillon, grown for 48 hours and sterilized by filtration through 
candle filters. Usually se^’eral filtrations were necessary for steril- 
ization. Various chemicals were used to render this material safe 
from further bacterial growth, but none were so successful as care 
in the initial candle sterilization and very cold ice-boxing as a 
preservative. This product should only be used when crystal clear, 
and when it becomes the slightest bit foggy, it must be discarded. 
This phage product was taken each morning by mouth in 5 to 10 cc. 
quantities before breakfast, preceded and followed by a tablespoonful 
of olive oil. When distinct clinical benefit had been brought 
about, this item of treatment was modified and discontinued. It is 
impossible to state how this produees additional benefit, but that 
it is an item of considerable importance there is no question. 

.3. Vaccines. If the blood cultures showed the presence of Gram- 
positive cocci and at times if the stool specimens of lytic tubes sug- 
gested their prominence and persistence, eoncentrated vaccines were 
made and used intradermally and subcutaneously. These were not 
sterilized by heat. The washings from the surface of agar tubes 
(using for the purpose a small amount of the following mentioned 
merthiolate solution) were made up to about 5 times the volume 
with a 1 to 5000 merthiolate solution made up by the addition of 
.sodium chloride to a physiologic salt solution. Such a mixture is 
bacterially sterile in 48 hours. 

No effort was made to count the bacteria, local reactions being 
used to suggest the dose. The vaccine was started with 1 minim 
given with a tuberculin syringe and a very fine needle. According 
to the local reaction, the dosages were slowly increased usually at 
about 1 minim at a time and given twice a week. The dosages 
were kept short of pronounced reactions, small doses over longer 
lengths of time being regarded as a better plan. These were usually 
given midway between the rectal instillations although often were 
administered on the same day. In tight skins when the quantity 
given was greater than could be injected between the layers of the 
skin, the remainder of the dose was injected subcutaneously. There 
is also no way to estimate this biologic item of treatment; at times 
it seemed worthwhile but in many of the cases not so. The rectal 
and mouth types of treatments were depended upon more. In the 

• Two ordinary tc-t tul>os wore employed, e.aeh containing 1.5 cc. of 2% dcxtro‘^e 
iKiuillon and iiiwulated with a “treak on the ,«ide wall of the tube u.‘ini; a straicht 
inociilatim: wire which had l«-en iiluncef! in feei-j. Tube 1 i.- the aerobic tube n^inc 
the nif'^iia a> ruch. 'I'lie content-* of Tiilje 2 i*; Ixtiled actir’ely for a few niinutec tft 
drive out the larye-t iierciuitace of air (oxycen) which the media ha?! acquired on 
-tanditi!:. The c<inteat.- are rafiidty cooler!, inoculated a» in Tube 1 and then covere<l 
with tnlufd (>'■ mineral oil. The hatter i- a fair type of anaerobic procedure, rimplo 
and fotind to be practical enqunh for thi^ work. 
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cases of staphylococci and organisms other than the streptococci, the 
vaccines seemingly were more efficacious but accurate observations 
on this point are not possible to elucidate with sufficient degrees of 
accuracy. It is well known that streptococcic vaccines are notably 
ineffective for immunity production and it was deemed that the 
streptococci were not the total infection factor in chronic arthritis. 

The suggestion from these cases was definite that when the symbi- 
otic organisms were controlled, the streptococci in both the intestine 
and the blood stream was also controlled. 

A purged specimen of stool was checked each month and the 
biologic treatments were modified or maintained according to the 
suggestion of the findings at these examinations and the clinical 
improvement. This stool checking was done for 4 or 5 months, 
after which the stool specimens are examined for 6 months after 
the discontinuance of biologic treatments. If the case was of the 
marked improvement type and then became worse again (chronic 
arthritis is a remissive disorder), a purged stool specimen (on the 
diet as initially) was again examined and the biologic set-up of treat- 
ment established according to the findings. There were usually 
several shifts or modifications in the biologic handling in the majority 
of cases. 

The diets fundamentally followed the rule indicated in chronic 
biotoxic intestinal conditions. In the putrefactive or alkaline form, 
high carbohydrates and hydrocarbons and sharply limited proteins 
of readily digested forms were given; in the fermentation or acid 
form, high protein diets with limited carbohydrates (5%) and a 
severe control of hydrocarbons. Effort was made to control the 
total intake of food in those above normal weight (Medico-Actuarial 
Mortality Investigation, 1912), and additional foods urged in sup- 
plemental meals in those definitely below these standards. This 
was not followed too strictly, because in the obese debility may 
ensue, and in the underweight the digestion often became embar- 
rassed. Calcium in any form Avas regarded as contraindicated; 
foods as loAv in calcium content as possible AA'^ere selected. No at- 
tempt AA^as made to benefit an anemia Avith iron-bearing foods but 
by liver and iron therapy. The boAA'^els AA'^ere moAmd by lactose, dex- 
trins, food roughages, and agar, but mineral oil preparations and 
the salines AA^ere not employed. Cascara, Ioav simple enemas and 
occasional small doses of calomel AA'ere employed. Colonic irri- 
gations Avere not used, and AAdiere definite clinical food allergies 
existed these foods AA^ere aAmided. 

Treatment AA^as influenced by the pathogenic bacterial findings, 
and more particularly directed toAX'ard influencing symbiotic types 
rather than only definite strains. Of these microorganisms, in addi- 
tion to the Eberthella, Salmonella, Shigella and Escherichia, Strep, 
(ikaligeiies, Gram-positive enterococci (both single and double) and 
EfltcrobacilH Procligiosus Avere of interest. It Avas assumed that 
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the last named, though less than Eberthella, Salmonella, Shigella 
and Escherichia, might act as symbiosing and enhancing factors 
with streptococci, but no special attention was paid to them. On 
the whole, this symbiosing factor on the part of the bacteria with 
streptococci is impossible to estimate accurateljc All one can do is 
to assume in the individual case that such a possibility exists and 
that their presence may act as enhancing, conversion or mutation 
factors to the streptococcic infection (the Strep, fecalis, for instance) 
thereby rendering these more innocent forms of streptococci impor- 
tant as infecting agents. It is reasonable to assume that the 
average person should develop immunities against low-grade infec- 
tions better by natural means than could be accomplished by thera- 
peutic immunity procedures. Yet clinical medicine suggests this is 
not always accomplished, and that biologic measures can produce 
active immunities. YTiile a “gang member” in arthritis is in all 
probability some form of streptococci, they would not be important 
without the supporting and enliancing bacteria that are associated 
with them. In this sense the streptococci are only part of an asso- 
ciated infection and perhaps even only that of a secondary invader. 

Another point of importance is that various conditions in the 
digesti\ e canal can bring these bacterio-toxic factors about in a 
secondary way. Pemberton and others have dravm attention to 
ptosis, angulation, gall-bladder disease, constipation, and so on, 
being significant in connection with the subject of chronic arthritis. 
Here, however, we deal with gastro-intestinal or medical conditions 
in which the content of streptococci and even the symbiotic infec- 
tions are possible of being corrected by attention to the disorder 
resident in the digesti\'e tract. Especially is this observed where 
normal transit through the colon, or incomplete bowel evacuations 
exist. While ameliorating in the majority of instances, the correc- 
tion of these did not always produce marked enough amelioration 
of the chronic arthritis, although at times it was striking. It thus 
is obvious that the treatment of these more strictly gastro-entero- 
logic states would be in order initially in every instance of chronic- 
arthritis. 'Phe cases treated biologically were all primary in type. 

'rwenty cases were treated by the various sulphanilamide prepa- 
rations, () with moderate improvements lasting a short time. Ap- 
parently a few cases of arthritis will improve on this therapy possibly 
by controlling the streptococcic systemic factor from the intestine 
for a time. Xo efiect that is appreciable from laboratory studies 
beyond a bacteriostatic one can be demonstrated by sulfanilamide 
on the streptococci or other bacteria resident in the bowel, although 
it is i)ossiblc that such may take place to slight and temporary 
degrees. Xo observations were inatle on the control of systemic 
inf(‘ctions by snlfanilauiide drugs in the Iilood stream. Uj) to 
the jiresent it has been ])roven that they are practically ineffective 
in ulcerati\'e endocarditis in rendering the blood stream negative. 
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Siilfagiianidine was not used. The experience witli tliese drugs 
suggested that one cannot deduct as to wliieli one of the preparations 
would be best to employ. Wlien benefit takes place from them, it 
seems to be about the same, whether one uses sulfanilamide, 
sulfapyridine or sulfathiazole. It was slightly suggested that 
sulfanilamide seemed to be the better form in C. ivelchii, hemolytic 
and the green streptococci, and sulfathiazole in the inimical form 
of E. coli, aerogenes, pyocyaneous and streptococcus infections of 
the bowel. 

The ordinarily emploj'ed different vitamin preparations were 
not encouraging in results although vitamins were more or less 
employed in all the cases. Five cases of chronic arthritis were 
intensively treated with large doses of vitamin D (Estron) without 
benefit. The most benefit seemed to come from the various B com- 
plex preparations providing the doses are ample, kept up for months, 
and especially if the preparation had a laxative effect on the patient. 

The VTiter desires to report 337 instances of chronic arthritis 
observed by him from 1923 to the present. For the purpose of 
eliminating the generally recognized factors were treated for various 
lengths of time, and those that were unimproved were examined and 
treated by biotoxic measures. 

Sununary and Conclusions. Intestinal organisms are more or less 
frequently passing into the general blood stream, probably by way 
of the peritoneal lymphatics. The human intestinal canal, even in 
apparent health, contains many forms of streptococci, potentially 
pathogenic in the circulation. Under conditions of symbiosis with 
certain other organisms in the intestine, these streptococci can 
become pathogenic. Organisms may appear in the blood stream in 
unusual types when they are still the original forms. Gaining the 
circulation, streptococci may lodge in the cancellous tissue of the 
bone under the joint bone or surfaces and in the periarticular and 
fascial structures causing an initial infection. These tissues then 
maj'' become sensitized to them, and as more streptococci, and per- 
haps some of the mixed infection types, are added to the circulation, 
a remissive, progressive change in the joints or bones ensues. 
These primary and reinfective factors from the intestine have not 
received the attention they deserve in the subject of chronic arthritis. 
While the use of streptococci vaccines may be of value, they are not 
efficient in controlling the infection in the intestine. In most 
instances attack on the associated infections by biologic and dietetic 
means controls the streptococcic infection, this being important on 
the parasitic character of the streptococci within the bowel as well 
as those that gain the blood stream. 

A method of biologic and dietetic treatment for chronic arthritis 
is suggested. The results of handling 337 cases of chronic arthritis, 
205 of which, by gastro-intestinal treatments, are presented. Of 
the latter, about 17 % having treatment for the various well-known 
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(li};cslive (lisonlcrs causing secondary l)iot()xic states slanvcd im- 
provenient. In 181 cases of jiriinary biotoxic intestinal conditions 
practically (58.5% showed marked impro\'einents in reduction of 
swelling, usefulness of joints and control of remissions, and about 
26.5% more were distinctly improved, there being about 9.2% of 
failures, these latter being old cases with much deformity. 

A reasonable conclusion from these results is, that, while other 
causes than intestinal have importance in chronic arthritis, signifi- 
cant etiologic and therapeutic factors are contained in the digestive 
tract, and of these, infections of intestinal origin comprise an 
important group. 
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THE AMOUNT OF IODINE IN THE BLOOD AND URINE IN 
PATIENTS WITH DIABETES INSIPIDUS. 

By Harry Blotner, iM.D. 

ASSOCIATE IS MEUICISE, PETER BENT BRIGHAM HOSPITAL, BOSTON, MASS. 

(From the Medical Clinic of the Peter Bent Brigham Hospital.) 

Recently, Blotner and Cutler^ reported certain observations on 
the effect of total thyroidectomy in .3 patients with diabetes insipidus 
who were observed for 5 years following operation. Total thyroidec- 
tomy relieved the e.xcessive urinary e.xcretion of the diabetes insipidus 
in 2 cases, Avhile no effect was noted in the other case. However, in 
the latter case it was felt the patient had accessory thyroid tissue 
because of her normal metabolism and lack of signs and symptoms 
of myxedema. The administration of thyroid extract reestablished 
the polyuria and polydipsia in the 2 cases. Histologic studies of the 
thyroitl gland in 2 of the cases indicated a small degree of hyper- 
activity. The above observations indicated that the thyroid gland 
played some role in the physiologic aspects of diabetes insipidus. 

Since there appeared to he a relationship between thyroid activity 
and water balance in patients with diabetes insipidus, it seemed 
rea.'^onahlc that this association could he more firmly established by 
observing the level of iodine in the blood and the e.xcretion of iodine 
in the urine in a group of patients with diabetes insipidus. This 
paper deals with the results of the blood and urine iodine studies 
in 15 jiatients with diabetes insipidus. 

Iodine is a normal constituent of human blood and urine. The 
values for the concentration of iodine in the blood vary somewhat 
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acconliug to ilic HK'thod used. Nevertheless, jji adherinj^ to a 
slaiidard procedure for detenuijung iodine, results eaii be obtained 
which are relative one to another. Perkin and Lahey^-* lia\'e used an 
open combustion metliod as described by Perkin®^ in 25,000 analyses 
of blood iodine and found it. to be satisfactory for clinical and re- 
search purposes. In persons without clinical evidence of thyrotoxi- 
cosis, they found that the average or mean level of iodine in the blood 
was 6.8 micrograms per 100 gm. with no significant variations 
attributable to age, sex or season. Curtis and PuppeP“ found that 
the normal person excreted in the 24-hour daily urine from .007 to 
.196 mg. of iodine or an average of .051 mg. and that there did not 
appear to be any relation between the amount of iodine in the urine 
and the ^mlume of urine excreted. In the Boston district, Perkin 
found the daily urine excretion of iodine to range from .060 to 
.140 mg. with mean values of .090 to .110 mg. These values, how- 
ever, may be influenced by the daily regimen. 

There ha^'■e been reported minor ph 3 'siologic variations of the 
blood iodine level during the menstrual cycle, during pregnanc.y," 
seasonal variations^ ® and during exercise.® These variations in the 
blood iodine level ma.y or may not extend bej'ond the normal 
range for the method used. Elevation of blood iodine has been 
observed in patients with diseases of the li^^er and of the biliar.y 
passages,^® in leukemia^ and in the earl.i^ stages of acromegal.y.^-® 
However, the greatest variation from the normal appears in patients 
with hyperthyroidism. In this disease there usually occurs a 
considerable increase in the blood iodine level and a marked increase 
in the excretion of iodine in the urine. In h.i'perthyroidism, Perkin 
and Lahe.y'^® found that the average and mean A^alues for blood 
iodine were 15.5 and 11 micrograras per 100 gra., respectiveh'. 
These same workers*-'^ found the urinary' iodine excretion of these 
patients to average .110 to .225 mg. per 24 hours with a maximum 
of .410 mg. In the urine of cases Avith h.A’perthjToidism, Curtis and 
PuppeP® found a dailj^ excretion of iodine ranging from .013 to 
.954 mg. with averages ranging from .030 to .595 mg. 

Plan of Investigation. The work reported liere Avas carried on according 
to the following methods. The iodine in the blood and urine Avas determined 
during and after a course of pituitrin therapy in a group of cases Avith dia- 
betes insipidus. In the cases studied during the period of treatment Avith 
pituitrin, 1 cc. of obstetric pituitrin AA'as taken three or four times a day 
intranasall}^ or subcutaneously for from 1 to 10 Aveeks Avhen the polydipsia 
and poljmria Avere Avell controlled before the tests Avere made. When the 
tests AA^ere made after pituitrin was omitted, a period of from one Aveek or 
more elapsed after the discontinuance of pituitrin therapy, at Avhich time 
the patients Avere drinking and passing huge volumes of fluid. The con- 
centration of the total iodine in the blood Avas studied in some specimens 
taken before brealdast, in others, during the day. The determinations of the 
total blood iodine Avere made in duplicate, using 20 cc. samples of venous 
blood according to the method described by Perkin.®® In addition, the 
organic and inorganic iodine fractions in the blood were determined in 11 of 
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the cases. The tests for iodine in the urine were made on 24-hour samples 
of urine obtained immediatel}"^ either before or after the blood was obtained. 
The patients were instructed to follow their usual diet and the specimen.s 
were not taken when thej’^ bad a sea fish meal which miglit reflect an in- 
creased amount of iodine in the blood and urine. One patient was observed 
in the hospital for 20 daj's when the fasting blood iodine and the 24rhour 
excretion of iodine in the urine were determined dailj’- during periods with 
and without pituitrin injection. 

Iodine tolerance tests were obsen’-ed in 3 cases with and -without pituitrin 
therapy. At least 4 weeks elapsed between tests. A standard dose of 
.6 cc. of compound solution of iodine (Lugol’s solution) U. S. P. in a glass 
of milk was emploj^ed. The concentration of the blood iodine was deter- 
mined in specimens taken during fasting and at intervals of 30, 60, 90 and 150 
minutes after the ingestion of the iodine. The total amount of iodine ivas 
determined in the urine excreted during the 24 hours foUo-wdng the ingestion 
of the iodine in one case. 

The total amount of iodine was determined in the thjuoid glands of 2 
tlijn-oidectomized patients -with diabetes insipidus and the results were 
compared with those obtained in 2 normal thjuoid glands which were re- 
moved for the treatment of heart failure ndthout hj'perthjuoidism. 

Clinical Material. The group studied comprised 10 males and 5 females 
with diabetes insipidus who had the disease for a number of j'^ears. Their 
ages ranged from 11 j^ears to 69 jmars, although the majority were between 
20 and 30 j’ears old. Their weights were about normal or somewhat below 
normal for their height, age and sex, but one patient was obese, weighing 
205 pounds. The criteria for the diagnosis of diabetes insipidus were a 
persistent daily fluid intake and output of about 8 to 14 liters for j’-ears, 
which were reduced to normal following the intranasal or intramuscular 
administration of pituitrin. The disease was of idiopathic origin in 12 cases, 
of postencephalitic origin in 2 cases and due to a pineal tumor in one case. 
T^vo cases were relieved of their poljmria and polj'dipsia bj' total thjuoidec- 
tomj’ about 4 j'ears before the iodine tests were made. The various labora- 
torj- data were not remarkable except that the fasting blood cholesterol was 
elevated in some cases, not merety in the thjuoidectomized patients, and 
usualty showed a marked rise after a fat meal.' The basal metabolism ranged 
from +8 to — ISty. In the 2 thjuoidectomized patients, the basal metabol- 
ism was about — 2b%. 

Kesults. The results of the total blood iodine level and of the 
total iodine excretion in the 24-hour daily urine in 12 cases of 
idiopathic origin are gi^-en in Table 1. These findings show that 
when no pituitrin was administered, the blood iodine was usually at 
a low normal level, ’although in one specimen it was elevated, being 
12.0 micrograms per 100 cc. The average was 5..5 micrograms per 
100 cc. In comparison, the average or mean blood iodine in normal 
pef)ple was 0.8 micrograras per 100 cc. with a range of from 3 to 10 
micrograms with the method used. 

The 24-hour urine showed varying amounts of iodine and in most 
iii.stanccs, the iodine excretion was markedlj' increased. The 
average 24-hour urine iodine was ..339 mg. and the average daily 
urine volume was aj)proximately 10 liters. 

When pituitrin was administered, the results were opposite to 
those when no pituitrin was given. In this instance, the blood iodine 
level was increased in most cases, the average being 9.8 micrograms 
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per lUO cc. The 24-hour urine excretion of iodine decreased con- 
siderablj^, the average being .177 mg. and the average daily urine 
volume ivas approximately 3 liters. A summary of these results is 
given in Table 2. 


Table 1.— Total Iodine in the Blood and Urine of 12 Patients With 

Diabetes Insipidus. 

No piluitrin. On piluilrin. 



Blood 

24-hour 

24-liour 

Blood 

24-liour 

24-hour 


iodine, 

urine, 

iodine. 

urine, 

volume. 

iodine. 

urine, 

iodine. 

urine, 

volume. 

Cnsf! 

meg. per 

meg. per 

No. 

100 cc. 

mg. 

cc. 

100 cc. 

mg. 

cc. 

1 . . 

3.0 

.318 

10,630 

4.3 

.079 

960 

2 . . 

5.6 

.201 

7,440 

17.0 

.125 

2120 


3.6 

.217 

10,320 




3 . . 

7.0 

.208 

4,900 

9.2 

.143 

1350 


6.7 

.108 

6,500 

12.0 

.078 

1400 

4 . . 

12.6 



4.2 




8.0 

.936 

9,360 

6.8 

.173 

3840 

5 . . 

3.2 

.345 

11,520 

17.8 

.127 

5760 



.028 

9,450 

6.5 

.168 

2400 


7.8 

.147 

10,500 

7.8 

.097 

2850 


6.5 

.030 

9,600 




0 . . 

3.5 







5.2 

.288 

11,520 

8.4 

.300 

4800 


4.5 






7 . . 

5.5 

.202 

8,400 

10.5 

.185 

2100 



.207 

8,040 

, , 

.105 

2400 

S . . 

4.6 

• .181 

12,960 

13.4 

.323 

3480 

9 . 

5.0 

.749 

12,480 

7.0 

.317 

5280 



.352 

8,100 

6.5 

.196 

4950 


9.2 

' .134 

6,720 




10 . . 

3.4 

.235 

8,400 




11 . . 


.797 

9,360 

9.8 

.182 

2120 


5.7 

.598 

11,520 

9.9 



12 . . 

. . . 



4.8 

.147 

1750 





13.2 

.460 

1150 

Table 

2.— Total 

Iodine in 

Blood and 

Urine in 12 Patients With 



Diabetes Insipidus. 




Blood iodine. 

24-hour urine, 24-hour urine. 


meg. per 100 cc. 

iodine, mg. 

volume, cc. 


No Piluitrin . 



Average . 

5.8 

.319 

9400 

Range 

3.0-12.6 

.028-. 936 



On Piluilrin . 



Average 

9.4 

.189 

2800 

Range 

4.2-17.8 

.078-. 466 


An analysis of these findings suggests that in an untreated case of 
diabetes insipidus, there was an increased excretion of iodine in the 

urine and an 

associated low normal level of iodine in 

the blood. In 


contrast, when these patients were treated ivith pituitrin the opposite 
occurred. The excretion of iodine in the urine was diminished and 
the blood iodine level ivas increased. 


In a case with diabetes insipidus and pineal tumor given pituitrin 
and Roentgen-ray therapy, the blood iodine lei^el was low and there 
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was some increase in the iodine excretion in tlie urine, as shown in 
Table 3. Roentgen-ray therapy may have been a factor in the 
results of this case. 

Table 3. — Iodixe ix the Blood and Urixe of a Patient AVith Diabetes Ixsipidls 

AND Pineal Tumor. 

On pUuilrin. 

Blood iodine, 24-hour urine, 24-hour urine, 


Case ' mcf;. per iodine, volume, 

No. 100 cc. mg. cc. 

15 3.2 ,201 2100 


In the 2 patients with diabetes insipidus who were ^elie^'ed of 
their poljmria and poJj'dipsia following total thyroidectomy, the 
blood iodine levels were low, ranging from 1.5 to 4.8 micrograms 
per 100 cc., and the excretion of iodine in the urine was normal. 
These results were comparable to those obtained in myxedema, as 
shown in Table 4. In the usual case of m^'xedema, the average 
blood iodine level is 3.5 micrograms per 100 cc. with the method 
employed. 

Table 4. — Total Iodine in the Blood .\nd Urine of 2 Patients With Diabetes 
Insipidus 4 Years After Total Thyroidectomy. 

No pituilrin. 

Blood iodine, 24-hour urine, 24-hour urine, 


Case 

meg. per 

iodine, 

volume, 

No. 

100 cc. 

mg. 

cc. 

1.3 

3.4 

.152 

4000 

14 

4.8 

.150 

2500 


1 5 

.094 

3300 


3.6 




4.0 

.071 

2150 


2.4 




4.0 




One patient was admitted to the hospital for observation for 
20 days. The iodine was determined daih' on fasting samples of 
blood and on 24-hour specimens of urine in order to study the iodine 
on consecutii'e da.A's over a period of time. The patient was given a 
house diet which contained about .150 mg. iodine daily. 

The patient took no pitiiitrin for 2 weeks before admission to the 
hospital and her daily urine output approximated 10 liters. The 
results of her iodine studies are given in Chart 1. During the first 
7 clays in the hospital, no pituitrin was administered and her urine 
volume varied from 8 to 13 liters. During this poriocl the blood 
iodine level was at first normal and then clecreased to a. low level 
Avhile the urine iodine e.xcretion was at first low and then increased 
considerably. For tiie next 10 days pituitrin was injected so that 
the daily urine volume varied from 2500 to 1200 ce. During tlii.s 
period the iodine cx'cretion in the urine decrea.sed and became low 
while the blood iodine level increased markedly. These blond iodine 
results were not fortuitous because the organic and inorganic iodine 
fractions were determined also and they amounted to the total 
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blood iodine concentralion. However, on tlu' last 3 days ^ol Ibis 
period, the Idood iodine drojiped to a very low level. Finally, 
pitiiitrin ivas omitted again for 3 days and tlie urine I'olumc ranged 
from 12 to 14 liters; the iodine excretion increased again and the 
blood iodine remained at a high normal level for 3 days, the final 
period of observation. 

Chart I 

IODINE in BLOOD and URINE in a PATIENT WITH DIABETES INSIPIDUS (Mrs.MAj 
WITH and WITHOUT PITUITRIN 



The iodine content of pituitrin ivas determined to ascertain 
whether it contained appreciable amounts of iodine. The iodine 
concentration was found to be .080 mg. per 100 cc. pituitrin. This 
amount ivas considered insufficient to influence blood and urine 
results. 

Blood Iodine Fractions. The fractionation of the iodine of the 
blood was carried out in 11 cases by methods reported elseivhere." 
This was done in an endeavor to find if the proportion of organic to 
inorganic iodine in the blood of patients with diabetes insipidus Avas 
different from that found in normal individuals and in patients with 
hyperthyroidism and with myxedema. The approximate proportions 
of organic to inorganic iodine are 65 to 35 in the normal ; 55 to 45 in 
hyperthyroidism; and 40 to 60 in myxedema with the methods used. 
In this connection, the results of this study indicated that the 
relationship of the organic to inorganic blood iodine ivas not con- 
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sidered to be abnormal in these cases for their total blood iodine 
level, whether or not pituitrin was administered (see Table 5). 
In a few of the cases, the normal relation of the organic and inorganic 
iodine was reversed. The significance of this is not apparent. Since 
both the organic and inorganic blood iodine fractions were deter- 
mined independently of the total blood iodine, it will be noted that 
the sum of the fractional analyses did not always equal the total. 
In most instances, however, the results are within the limits of 
experimental error for methods of blood iodine analyses. 


Table 5. — Total Blood Iodine and Its Fractions in 11 Patients With 
Diabetes Insipidus.* 


Pituilrin. No pituitrin. 



Total 

Iodine, 


Total 

Iodine, 

Iodine, 


blood 

organic. 

Iodine, 

blood 

organic. 

inor- 


iodine, 

ethyl ale.. 

inorganic. 

iodine. 

ethyl ale.. 

ganic, 

Case 

meg. per 

meg. per 

meg. per 

meg. per 

meg. per 

meg. per 

No. 

100 oc. 

100 cc. 

100 ce. 

100 ce. 

100 cc. 

100 cc. 

1 

... 4.3 

4.0 

0.0 

3.0 

3.1 

0.0 

2 

. . . 17.0 

14.6 

2,2 

3.6 

3.3 


3 

. . 12 0 

5.0 

7.2 

7.0 

7.5 


4 

... 6.S 

7.1 

1.8 




5 

... 6.5 

6.4 


7.8 

6.1 

2.4 


7.S 

5.0 

2.2 




6 . 




4.5 

4.2 


7 

. . 10.5 

2^6 

7.4 

5.5 

5.3 

1.3 

S . 


. . 


5,2 

4.5 

2.2 

9 . 

! ! ! 6.5 

3.3 

5.5 

9.2 

4.0 

6.1 


4.4 

4.2 

2.2 

8,8 

2.5 

5.1 


8.4 

5.8 

3.0 

5.2 

2.0 

2.9 


11.0 

6.7 

4.3 

9.6 

4.7 

5,0 


23.2 

15.6 

8.4 

8 6 

6.5 

2.2 

13 . 




3.4 

0.0 

3.5 

14 




4.0 

3.1 

2.4 


* Cases 13 and 14 had total thyroidectomies performed 4 years previously. 


Iodine in Thyroid Glands. From the foregoing observations, there 
appeared to be an increased excretion of iodine in the urine of 
patients with diabetes insipidus. Consequently, it seemed of 
interest to determine whether the iodine content of the thyroid 
gland'in diabetes insipidus was diminished by the increased e.xcretion 
of iodine in the urine. As the result, the total quantity of iodine was 
determined in the thyroid glands of 2 patients with this disease 
who had had these glands removed previousljL As control tests, the 
iodine was determined in the normal thyroid glands of 2 cardiac 
patients who had total thyroidectomies for the relief of cardiac 
decompensation. These results are given in Table 6. In the patients 
with diabetes insipidus, there was .402 mg. of iodine per gm. of wet 
tissue and the total amount of iodine in the whole thyroid glands was 
G.96 mg. and. 8.22 mg. In the control thyroid glands, there was 
.605 mg. and .500 mg. iodine per gm. of wet tissue and the whole of 
these glands contained 11.1 mg. and 15.0 mg., respectively. These 
results suggest that there is a decreased amount of iodine m Ihc 
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thyroid gland of patients with diabetes insipidus. Nevertheless, it 
must be remembered that this is a small series. 

Table 6. — Iodine in Tbyhoid Glands of 2 Patients With Diabetes Insipidus 
C oMPABED With 2 Contkol Thyboids. 


Iodine per gm. Iodine in whole 

Qase wet tissue, thyroid gland, 

No. iBg. 

Diabetes Insipidus. 

A 402 G.9G 

B -■ ■ ■ 402 8.22 

Cardiac Controls. 

1 ■ 605 11.07 

2 . . 500 15.01 


Iodine Tolerance Tests. Iodine tolerance tests were made in 
3 eases in order to determine whether the thyroid gland has an 
extra affinity for iodine similar to the hyperplastic thyroid gland of 
patients with exophthalmic goiter. The results are given in Table 7. 
Perkin, Brown and Lang'^-^^ and Fitz and Hunt® have shown by 
means of these tests that when persons with hjqDerthyroidism are 
given a specific amount of iodine, the iodine in the blood does not 
rise as high as in normal persons and returns to the basal level 
more rapidly. In contrast, when patients with thyroid deficiency 
are given iodine intravenously, the blood iodine rises to higher 
levels than normal and falls more slowly to the basal level and a 
greater amount of iodine is recovered in the urine. 

Table 7.— Iodine Tolerance Tests in 3 Patients With Diabetes Insipidus. 


Case 

No. 

5 


Urine, iodine* 
Urine, volume 


Hours after 

No pituitrin. 

Pituitrin. 



iodine test 

Blood iodine, 

Blood iodine, 

meal. 

meg. per 100 cc. 

meg. per 100 cc 

. 0 

9 

7 

2 

275 

84 

1 

355 

57 

H 

274 

38 

2A 

2G2 

5G 

. 0 

G 


1 

*2 

93 


1 

134 


n 

69 


2 

109 


. 0 

6 

7 

1 

1 

248 

230 

1 

203 

200 

1-1 

165 

163 

2 

158 

174 

. . 

48 mg. 

25 mg. 


1950 cc. 

5900 cc. 


* Total iodine excreted in urine during the 24 hour.s after ingestion of iodine. 


In Case 5 when pituitrin was given (see Table 7), the blood iodine 
curve was much lower than normal and like that observed in 
hyperthyroidism. When no pituitrin was given, the blood iodine 
level was more than twice as high as that found in normal people 
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In Case 6, the blood iodine curve Avas normal vithoiit pituitrin. 
In Case 3, the blood iodine curves ivith and Avithout pituitrin A\-ere 
much the same but about tAA'ice as high as normal. Hov'CA^er, Avith 
pituitrin 25 mg. of iodine AAms excreted in the urine during the 
24 hours after the ingestion of iodine, compared Avith 48 mg. of 
iodine AAdien no pituitrin AA^as being administered. 

Discussion. The data in this study reveal that in untreated 
patients Avith diabetes insipidus there is an increased excretion of 
iodine in the urine and usuall}^ relatiA'ely Ioav normal blood" iodine 
leA^els. It is suggested that the most likelj' eause for these ehanges is 
a Avashing-out process resulting from the exchange of huge volumes 
of fluid in these patients and the failure of reabsorption by the 
kidney. When pituitrin is administered, the blood and urine iodine 
results are rcA^ersed and the fluid intake and output are markedly 
decreased because of the effect of pituitrin on renal function v'hicli 
increases reabsorption. This idea may be strengthened by the fact 
that pituitrin diminishes the excretion of iodine in the urine after 
the ingestion of Lugol’s solution. Furthermore, Perkin®“ has found 
high blood iodine levels in patients Avith chronic nephritis AA-ith 
marked renal insufficiency and edema AA'hich indicates a retention pf 
iodine. Diodrast clearance tests'® made in some of these patients 
also suggest that pituitrin diminishes the excretion of iodine. Salter‘S 
believes that the high iodine turnover in these cases may be a Avash- 
ing-out phenomenon like that seen Avith urea. On the other hand, 
the possibility of a thyro-pituitary relationship as a cause of these 
findings should be considered. 

Summary. This paper presents a study of the iodine in the blood 
and urine of 15 patients AA'ith diabetes insipidus. In addition, the 
amount of iodine AA’as determined in the thyroid glands of 2 of these 
patients Avho had had a total thyroidectomy. 

When the patients Avere not treated and there Avere marked 
polydipsia and polyuria, the ai’erage blood iodine aa^ts 5.8 micrograms 
per 100 cc. (range, 3.0 to 12.6). The average 24-hour excretion of 
iodine in the urine AA-as .319 mg. (range, .028 to .936 mg.). In 
contrast, AAdien pituitrin Avas administered, the average blood iodine 
AA'as 9.4 micrograms per 100 cc. (range, 4.2 to 17.8 micrograms). 
The average 24-hour excretion of iodine in the urine aa'BS .189 mg. 
(range, .078 to .466 mg.). The relation of the organic to the inor- 
ganic blood iodine AA'as considered to be practically normal m 
these cases. The iodine content of the tAvo thyroid glands AA-as 
decreased compared Avith tAvo control tliA-roid glands. 

In untreated patients Avith diabetes insipidus, there ajipears to be 
an increased excretion of iodine in the urine and usually relatively 
loAV normal blood iodine Ica-cIs. When pituitrin is administered, the 
excretion of iodine in the urine diminishes and the blood iodine level 
increases. These findings may represent a failure of reabsorptioii 
of iodine by the kidney Avhich is altered by pituitrin administration. 



TUFT, levin; the 


EXPECTORANT ACTION OF IODIDES 717 


The author is very appreciative of the courtesy of H. J. Perkin of the Research 
Foundation of the Lahey Clinic in doing the iodine determinations and in aiding in 
the interpretation of the results. 


REFERENCES. 

(1.) Blotner, H.: Arch. Int. Med., -55, 121, 193.5. (2.) Blotner, H., and Cutler, 

E. C.; J. Am. Med. Assn., 116, 2739, 1941. (3.) Curtis, G. M., and Puppel, I. D.: 

(o) J. Lab. and Clin. Med., 22, 1014, 1937; (b) Arch. Int. Med., 60, 498, 1937. (4.) 

Davis, C. B., Curtis, G. M., and Cole, V. V.: J. Lab. and Clin. Med., 19, 818, 19.34. 
(5.) Fits, B., and Hunt, B. S.; Trans. Assn. Am. Phys., 52, 24, 1937. (6.) McCul- 

lagh, D. B. : Cleveland Clin. Quart., 2, 15, 1935. (7.) Maurer, F. E. : Arch. f. Gyniik., 

130, 70, 1927. (8.) Nitzecu, I. I., and Binder, E.: Compt. rend. Soc. de biol., 108, 

279, 1931. (9.) Perkin, H. J. ; (a) Personal communication; (b) Biochem. .1., 27, 

1078, 1933. (10.) Perkin, H. J., and Cattell, B. B.; New York State J. Med., 36, 

1033, 1936. (11.) Perkin, H. J., and Hurxthal, L. M.: J. Clin. Invest., 18, 733, 1939. 

(12.) Perkin, H. J., and Lahey, F. H.: (a) New England J. Med., 216, 501, 1937; 
(b) Arch. Int. Mod., 65, 882, 1940; (c) Unpublished data. (13.) Perkin, H. J., 
Brown, B. B., and Lang, J.: Canad. Med. Assn. J., 31, 365, 1934. (14.) Salter, 

W. T.: Personal communication. (15.) Scheringer, W.: Arch f. Gyniik., 143, 319, 
1930. (16.) Winer, N., and Blotner, H.: Unpublished data. 


STUDIES OF THE EXPECTORANT ACTION OF IODIDES. 

By Louis Tufi', M.D., 

.\SSISTANT PROFESSOR OF MEDICINE, TEMPLE UNIVERSITY SCHOOL OF MEDICINE; CHIEF, 

CLINIC OF ALLERGY AND APPLIED IMMUNOLOGY, TEMPLE UNIVERSITY HOSPITAL 

AND 

Nathaniel M. Levin, M.D., 

FORMERLY FELLOW IN BRONCHOSCOPY, TEMPLE UNIVERSITY HOSPITAL 
PHILADELPHIA, PA. 

(From the Clinic of Allergy and Applied Immunology and the Jackson Bronchoscopic 
Clinic, Temple University Hospital and School of Medicine.) 

The clinical use of the expectorant group of drugs is widespread 
but their use is predicated purely upon an empirical basis. The 
little that is actually known of the mode of action of these agents 
has been derived from clinical experience in the treatment of respi- 
ratory diseases, both infectious and allergic in character. Our 
interest in expectorants arose some time ago in attempting to find 
a drug which would be most effective in liquefying the extremely 
viscid secretions of the asthmatic patient, especially of the chronic 
type or of those in status asthmaticus. 

Search of the literature revealed a definite lack of data concerning 
the mechanism b>' which expectorants produce their effects. The 
epliest attempts to prove that expectorant drugs actually were effec- 
tive Avere carried out Avith ammonium compounds and AA’^ere per- 
formed at first in animals. HoAA^ever, Coleman^ in 1916 observed 
the effects of ammonium compounds in 7 human cases of bronchitis 
and shoAved Iaa’ rather crude methods that the drug Avas excreted 
in the sputum as indicated by an increase in the ammonia N. 

* Road bcfoio the mooting of tjio Association for the Stndv of Allergy, New York 
June, 1940. ‘ 
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j\Iore recent work with expectorants, especially that carried out in 
animals Gordonoff and his coworkers abroad, has made it pos- 
sible to classify these drugs on a more logical basis. From these 
experiments, Gordonoff- concluded that the action of expectorants 
depends upon the predominance of one of two factors: 1, stimula- 
tion of the smooth musculature of the bronchi, termed the excreio- 
motor action of the drug, which is either a manifestation of increased 
bronchial peristalsis or a wavelike motion dependent entirely upon 
the movement during the respiratory act; and 2, liquefaction of the 
bronchial secretions actual excretion of the drug into the bronchi 
and subsequent delay in resorption of these secretions, which is 
called secretolysis. Drugs belonging to the excretomotor group 
include ammonium chloride, guaiacol, thj'mol and ether. In the 
secretolytic group are: iodides, saponin, sugars and sulphur. 
Gordonoff concluded that efficient respiration is essential for the 
action of any expectorant and that the expectorant to be used in a 
specific case should be chosen according to the type of secretion 
already present; that is, it should be secretoljhic if the secretion is 
scanty and excretomotor if it is fluid and abundant. He feels that 
sedatives do more harm than good, as they depress respiration and 
cancel the effect of good respiratory movement upon the expectorant 
action of the drug. 

It was evident, therefore, from a review of the literature that 
nearlj'- all the evidence as to the action of expectorants was based 
upon the results of animal experiments. It occurred to us that it 
might be possible to study the expectorant action of various drugs 
in the human with the aid of the bronchoscope. Our plan was to 
administer the drug to be studied either parenterally or orall}’’ and 
then to aspirate the bronchial secretions by the bronchoscope. The 
condition of the bronchial mucosa was to be observed during the 
process, if at all feasible. The secretions thus obtained then were 
to be studied chemically for the presence of ions not usually or 
normally detectable. This was the general plan adopted although 
certain departures from it were necessary, as when the drug was 
given orally. It was decided to start with the iodides since a simple 
test was available for the detection of the iodide ion. 

Review of the literature as to the effect of iodides indicated that 
the iodides render colloids more soluble and less viscid in viiro, 
although Sollman® doubts whether this actually is the case in the 
concentration reached therapeutically. There is evidence of iodides 
being excreted into the saliva and urine but not into the bronchial 
secretions in humans, although Stieglitz® by postmortem staining 
methods showed the presence of the iodide ion in the bronchial 
mucosal cells as well as in other parenchymatous secreting cells. 
As previously noted, iodides are believed to belong to the secreto- 
lytic group. Thus Gordonoff and Mer?/ showed that iodides will 
decrease the density of a contrast medium introduced into the 
bronchi of rabbits. Gordonoff and Lehmann^ also were able to show 
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a delay in absorption of a sugar solution introduced into the bronchi 
of rabbits. From these experiments the conclusion was reached 
that the action of iodides is mainly due to excretion into the bronchial 
tree, with subsequent delay in resorption of the secretions already 
present. The latter actions thus make the respiratory act and the 
coughing mechanism more effective in raising these secretions. The 
motor stimulation noticeable with ammonium chloride was almost 
entirely lacking in iodide administration. These conclusions were 
arrived at by inference from the experimental data, since the actual 
presence of iodides was not demonstrated nor was any information 
obtained as to how soon the iodides appear in the bronchial secre- 
tions or how long it remains; also whether there was any difference 
noted when the drug was given by mouth as contrasted with intra- 
venous injection. It was known, however, that iodides were readily 
absorbed from the gastro-intestinal tract, being given usually in 
the form of potassium iodide in doses of 4 to 8 gm. The usual 
intravenous dose was 1 to 2 gra., although up to 10 gm. could be 
safely given. It was decided to carry out the initial experiments 
with the iodide being given intravenously and to compare it sub- 
sequently with the oral route. 

Procedure. Our first experiments were carried out in dogs but 
without success, since satisfactory data could not be obtained. We, 
therefore, discarded attempts at further animal experimentation 
and proceeded at once to experiment in the human. The patients 
utilized were patients from the allergy or bronchoscopic departments 
who had either asthma, bronchiectasis or other pulmonary condi- 
tions requiring bronchoscopic examination or treatment. The gen- 
eral procedure followed in each case consisted first in the insertion 
of the bronchoscope and the aspiration of a control specimen of 
secretion into the special glass containers utilized for that purpose. 
Sodium iodide was then injected intravenously in doses of 15 to 
31 grains. Following the injection, specimens of the secretions were 
withdrawn in like manner at 5-minute intervals for the duration of 
the' time it was feasible to retain the bronchoscope. The specimens 
thus obtained were then tested in the laboratory for the presence 
of iodides. The method used was a purely qualitative one but was 
sufficiently sensitive to detect very minute amounts of iodides as 
determined by preliminary control tests.. The procedure was briefly, 
as follows: Organic matter was destroyed by heating the material 
to be treated with a strong solution of potassium hydroxide in a 
tube or crucible. It was then extracted with water and the extract 
tested for the presence of iodine by the addition of a starch solution. 
A definite blue color was taken as positive (~}-), faint blue as doubt- 
ful (±) and absence of color as negative (— ). 

In order to obtain information as to the excretion of the iodides 
through other channels, in 4 patients specimens of saliva were aspi- 
rated into a separate container at the same time that the broncho- 
scopic specimens were collected. These were likewise examined 
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for iorlirles in tlio same manner as tlic lironeliial seeretion anrl tlie 
appearanee time noted. Urine sjieeimens also were eoll(>eted l)y 
4 patients, both before and at intervals alter the iodide injeetioii 
and examined bi' direct test for iodides. 

Having determined the approximate appearance time of the 
iodides in the bronchial secretion after intravenous injection and 
its probable persistence, we next attempted to determine the appear- 
ance time after oral ingestion. Accordingly, a group of 9 broncho- 
scopic patients were given 60 grains of potassium iodide contained 
in I dram of an aqueous solution orallj' immediateh' prior to bron- 
choscopic examination. The time at which the first specimen was 
aspirated was noted and one or in some instances two specimens of 
secretion were aspirated in similar manner as in the intravenous 
group. These were then examined for iodides. Aspiration of re- 
peated specimens at 5-minute intervals was not deemed necessary 
in this group, as we were interested only in the appearance time in 
comparison with that of intravenous group. 

Results. The results of the experiments in the group given the 
iodides intrai'enoush' are shown in the following chart : 


Chart 1. — Excretion of Iodide After Its Intravenous InjectioK'. 
Bronchial Secretion. 


Con- 10 

nmount, 

15 

min. 

20 

min. 

25 

min. 

30 

min. 

35 

min. 

40 

min. 

Urine. 

Saliva 

Neg. 

pos. at. 

Pos. 

.Mr. W. 

30 gr. 0 0 


+ 

-f- 

+ 





:^Ir, F. 

15 gr. 0 


-h 

+ 

+ 





Mr. F. 

30 gr. 0 0 


+ 

-t- 

-t- 

-t- 


45" 

r 30" 

Mr. L. , 

30 gr. 0 0 

-f 


' + 

! 

+ 

1 

1 

30" ; 

1 

1' 30" 

2' 0" 10-30 mm. 

5^ 0" , 

Mr, J. 

15 gr. 0 0 

0 

+ 

+ 

-r 

0 

0 

r 15" 

r 55" 20-40 mm. 

4' 40" 

Mr. L. 

31 gr. 0 


0 

+ 

-1- 

+ 

-h 


' 20-40 min. 

Mr. S. 

31 gr. 0 0 

+ 

+ 

+ 

0 



1' 0" 

r 30" 10-30 min. 

3' 0" 


It will be noted that while a trace of the iodide was detectable in 
1 patient after 10 minutes, it was a little more pronounced at 15 min- 
utes, definite at 20 minutes in all but 1 instance and definite in all 
cases at 25 minutes. In the 2 cases receiving only 15 gr., little 
difference was noted from those receiving twice as much; in fact, 
in Mr. F., who received 15 gr. on one occasion and 30 gr. on another, 
little difference was observed. This might be taken to indicate 
that the quantity injected has little or no effect upon the appearance 
time. 
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The bronchoscope could not lie retained long enough in every 
patient to determine the time at which the iodides disaiipeared Irom 
the bronchial secretion. In one instance (Mr. S.) it was no longer 
evident at 30 minutes, in another (Mr. J.) at 35 minutes and in a 
third (Mr. F.) , only a trace was present at 40 minutes. It is interest- 
ing to note that no evidence of the iodide was present in the urine 
of these 3 patients examined at 60-minute, 75-ininute and 45-minute 
intervals respectively, but did appear subsequently. In a fourth 
patient (Mr. L.) the urine was negative at 50 minutes 'but was 
positive at 90 minutes. This might be taken to indicate that the 
iodide present in the bronchial secretion first is resorbed into the 
blood and then is excreted into the urine by the kidney, rather than 
being immediatelj^ excreted by the kidney. 

In the 4 patients in whom salivary studies were carried out, the 
iodides first appeared in 10 minutes in 2, and in 20 minutes in the 
other 2. This corresponded roughly to the time of appearance in 
the bronchial secretions, with possibly a little earlier appearance for 
the salivary group. 

It was difficult under the conditions of the experiments to deter- 
mine whether the amount of bronchial secretion was increased by 
the iodides or to detect any changes in the bronchial mucosa as 
compared to that preceding the iodide injection. While attempts 
were made to determine these facts, no significant conclusions could 
be drawn. 


Cha-rt 2.— Excretion of Iodide After Its Oral Ingestion. 


Case, 

5 min. 

10 min. 

15 min. 

20 min. 

25 min. 

30 min. 

35 min. 

40 min. 

Mr. F. 

0 








Mr. S. 

0 








Mr. 0. 



+ 






Mr. A. 



0 






Mr. G. 









Mr. T. 






+ 



Mr. S. 






0 



Miss D. 






+ 

+ 


Mr. R. 








0 


All patients received 15 j sat. solution of pot. iodide. 


The results of the experiments in the group who received the 
iodides orally are shown in Chart 2. As in the intravenous group, 
the iodides appeared in the bronchial secretions of 3 patients in 
15 to 20 minutes and at longer intervals in the others. While this 
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may 1)0 taken to indicate a somewhat slower excretion alter onil 
administration, this conclusion cannot he made definitely heeause 
of the conditions of the experiment. Nevertheless, the primary 
purpose of the experiment, namely, that iodides appear in the 
bronchial secretion after oral administration was fulfilled by these 
experiments. 

Comment. The results obtained indicate that iodides are excreted 
into the bronchial tree from the blood. The time taken before this 
excretion occurs is somewhat variable, but it takes place within 
15 to 25 minutes after intravenous injection. The excretion prob- 
ably is a little slower when given orally than when gi^•en intra- 
venously, but this difference could not be definitely determined and 
is not significant in clinical application. The intravenous adminis- 
tration offers no important advantage over the oral method, espe- 
cially in view of the added work entailed in its use. The salivary 
excretion of iodides occurs promptly, although it is hard to deter- 
mine under the conditions of the experiment, but urinary excretion 
is delayed. This may be taken to indicate that the salivary glands 
and bronchi act as the selective excretory organs for this drug and 
that urinary excretion must await resorption from the bronchi and 
gastro-iutestinal tract. This is similar therefore to Gordonoff’s 
findings in the experimental animal. 

Conclusion. We ha\'e been able to demonstrate for the first time 
at least in the human that iodides given either orally or intraven- 
ously are excreted into the bronchial secretion within 15 to 25 min- 
utes. We belie\-e that this excretion probably accounts for the 
action of iodides as ex'pectorants and that oral administration prob- 
ably is just as effective as intravenous and less troublesome. 
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THE DIAGNOSTIC VALUE OF THE TAKATA-ARA REACTION. 
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Since the introduction of the Takata-Ara reaction in 1925 a 
considerable amount of literature has accumulated on the subject. 
This has been thoroughly reviewed by IMagath,- llayburn nntl 
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Cherry,® and others. Two facts stand out conspicuously from such 
reviews: first, that we are still ignorant of the mechanism of the 
reaction; and, second, that a marked difference of opinion exists as 
to its diagnostic value. This difference would appear to be due to 
lack both of uniformity in the technique employed and of precision 
in reading the results of the reaction. In an effort to contribute 
something toward settling the question of the value of the test, Ave 
have recently reviewed a series of cases on which the reaction was 
performed and the results of our investigation are gi\^en belouc 

No detailed historical sketch of the Takata-Ara reaction Avill be 
attempted. Suffice it to mention that the test was described in 
1925 by Takata®'^ and Ara^ for the study of four Avidely separate 
diseases, namely, syphilis, meningitis, pneumonia and tuberculosis, 
and that Jezlar'^ in 1929 modified the technique and used the test 
as a diagnostic measure for cirrhosis of the liver. Since this time 
man}^ American, English, German, French and Italian Avorkers haAm- 
reported their findings on a variety of different lesions, using various 
modifications of a basically similar technique. Most of the interest 
in the test has throughout been in its merits as a diagnostic measure 
in hepatic cirrhosis. 

The mechanism of the Takata-Ara reaction, much discussed, 
remains obscure. It is even uncertain AAEether flocculation occurs 
because of the absence from positively reacting plasmas of some 
protein normally exerting a “protective colloid” effect or because 
of the presence in such plasmas of a protein or other substance 
exceptionally apt to form precipitating complexes AAuth the mercuric 
reagent. In this regard it is of interest that no flocculation occurs 
AAdien saline is substituted for plasma in performing this test. In 
any case our OAvn observations lead us to belieAfe that positiAm reac- 
tions are not due either to mere abnormalities of the A/G ratio 
because of loAA^ered albumin content or to the presence of increased 
fibrinogen, as Wuhrmann and Lejuthardt® haA^e suggested. On the 
other hand, as regards absolute increase in the plasma globulins, in 
-this institution AAdiere plasma protein determinations are done by 
the salting-out method, figures are aAmilable on 10 of the 23 posi- 
tiA^e or plus-minus reactors analyzed beloAA^ In all but 1 an actual 
increase in the plasma globulins Avas found. The question of the 
separation of these globulins has undergone a metamorphosis in the 
past fcAv years and is still in some debate. HoAA’'eA^er, it is of interest 
that more recent techniques^ indicate an increase in the beta- 
globulin fraction in cases of cirrhosis of the liAmr. 


Techmque. A great deal of the discrepancy that has arisen in the 
evaluation of the Takata-Ara test is apparentb’’ due to differences in the 
methods employed in canying out the reaction and in reading and inter- 
preting the results. For this reason, a detailed description of the method 
tli.U we have been using for some time is included in this article. 

he test may be done on blood serum, plasma, or transudates, sucli as 
ascitic fluid. ^lost of our results Avere obtained from oxalated plasma 
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procured at, the time of carrying out a complete hemogram. Blood is 
usually taken for such tests in the morning, between 10 and 12 o’clock to 
avoid any effect of digestive processes on the plasma. At least, 1 cc, free 
from hemolysis and cells, is required. 

A series of 8 tubes, approximately 10 cm. in length and inner bore of 
1 cm., are placed in a rack. The tubes must, of course, be thoroughly clean. 
One cubic centimeter of 0.9% NaCl is pipetted into each tube and 1 cc. 
of plasma added to the first tube. This is mixed vith the saline by shaking 
and _1 cc. of the mixture wdthdrawn and placed in the second tube. By 
continuing in this manner and discarding 1 cc. from the last tube a series of 
increasing dilutions to of plasma in saline is set up. To each tube 
first 0.25 cc. of a 10% solution of sodium carbonate and then 0.15 cc. of 
0.5% bichloride of mercurj^ are added. Complete mixing is obtained by 
shaking after each solution has been placed in the tube. A slight precipi- 
tate, which disappears on shaking, may occur after addition of the mercury. 
The series of tubes is then allowed to stand at room temperature for 24 hours. 

At the end of this interval, the result of the test is read by estimating 
the amount of precipitate in each tube. This is expressed as 0, T (Trace), 
.1, 2, 3 or 4. Precipitates classed as “4” occupy^ approximately the lower 
third of the solution in the tube. In doubtful cases, accurate reading of 
the amount of precipitate may be accomplished by thoroughly shaking up 
the tube and filhng a Wintrobe sedimentation tube to the 10-cm. mark 
with a portion of the contents. The Wintrobe tube is then centrifugalizecl 
at high speed for 15 minutes. Less than 1 mm. of whitish sediment in the 
bottom of the tube is classed as a trace (T), 1 to 2 mm. as “1,” 2 to 3 mm. 
as “2,” and so on. Any amount over 4 mm. is designated “4.” 

The Takata-Ara reaction is positive when two adjacent tubes show a 
Grade “4” degree of precipitate and the next tube is at least a Grade “3," 
for example (00T24441) or (00134421). Plus-minus reactions are reported 
whenever the criteria for the positive reaction are not reached, but at least 
two tubes show a Grade “3” sediment, for example (00T12431), (0001331) 
or (000TT332). All reactions of lower degree are negative as (000TT231) or 
(OOOTTlTT). It would appear from an analysis of our findings that 
accurate reading of the reaction is extremely important. 

Analysis of Results. The present study covers an analysis of 300 
consecutive tests carried out in our laboratory using the technique 
described above. Most of them were done on oxalated plasma 
obtained at the time of doing a complete morphologic blood study 
on cases where a hyperbilirubinemia was present or in which there, 
was some reason to at least suspect the presence of hepatic disease. 
Using the criteria of reading the reaction given above, 277 cases are 
to be classified as negative, 11 as plus-minus, and 12 as positive. 
Each of these groups will be analyzed separately^ 

Almost all of the negative Taka'ta-Ara reactions were carried out 
on different patients. There were a few individuals, however, in 
which tlie test was repeated at a later date. It will be recalled that 
tlie reaction is designated as negati\'e whenever no two adjacent 
tubes show at least a “3 ” degree of precipitate. In the vast major- 
ity of these reactions only a trace of sediment was present.^^ 

Study of the case records of the patients on whom the 277 nega- 
tive reactions were obtained reveals that in 11 a clinical diagnosi.> 
of cirrhosis was made. Only 2 of these, howeA’er, were positively 
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confirmed by histologic examination of tlie liver. In 1 of these a 
biopsy showed a very early periportal cirrhosis, while the other 
case was aiitopsied and a typical atrophic cirrhosis was found. 
HoAvever, on 2 other occasions this patient gave strongly positive 
reactions. In this connection it is interesting to note that in another 
case which Avas undoubtedly cirrhosis but was not autopsied, both 
positive and negative reactions were obtained at different times. A 
reasonable doubt may be cast on the clinical diagnosis of cirrhosis 
in 5 of the remaining cases. This leaves 4 of the 11 with negative 
reactions in Avhich the diagnosis seems quite certain and positive 
results were never obtained. 

It is apparent, therefore, from tlie findings in this group that 
cases of cirrhosis do occur with negative Takata-Ara tests. In some 
of tliese the negative reaction is transient, and this interval may be 
preceded and followed by periods during which it is positive. 

Plus-minus reactions were obtained in 11 cases. Three of these 
were clinically quite typical Laennec’s cirrhosis and 1 of the 3 was 
proven later by autopsy. Four of the 11 occurred in individuals 
having cholangitis with a variable amount of biliary cirrhosis; 1 of 
these was due to malignancy and 2 to cholelithiasis. Of the 4 re- 
maining cases, 1 was an arsenical hepatitis and another a lympho- 
sarcomatosis with extensive spread in the liver. This leaves only 2 
of the 11 cases in which there was no particular involvement of the 
liver. One was an advanced pulmonary tuberculosis with marked 
destruction of the adrenals and the other a multiple myeloma. 

From these findings it would appear that plus-minus reactions 
may be considered strongly suggestive of some form of hepatic 
disease and more particularly a peri-insular or biliary form of 
cirrhosis. 

Reactions were designated positive in 12 cases. Of these, 9 were 
proven subsequently to be peri-insular cirrhosis by postmortem 
examination and 2 more Avere quite typical of this disease clinically. 
The remaining case of the 12 had a marked obstructive jaundice 
Avhich Avas believed due to malignancy. He left the hospital Avithout 
operation so this diagnosis has ncAmr been confirmed pathologically. 

From this group one may conclude that Takata-Ara reactions 
Avith sufficient precipitate to be classified as positwe according to the 
criteria outlined above occur almost exclusively in cases of peri- 
insular cirrhosis. 

Conclusions. Analysis of a series of 300 Takata-Ara reactions, 
carried out for the most part on patients aaRo showed a hyperbili- 
rubinemia or gave reason to suspect the presence of hepatic disease, 
indicates that the test has considerable diagnostic value. It AAmuld 
appear that the difference of opinion AAffiich has arisen in the litera- 
ture concerning its value is due to the use of various techniques 
and a lack of precision in reading the results. A means is described 
Avhereby more accurate results may be obtained. 
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ACTIVATED STEROLS AND CALCIUM SALTS IN TREATMENT OF 
PARATHYROID TETANY. 

By Eljier L. Sea'ringilyus, ]\I.D., 

PROFESSOR OF StEDICIRE, ENIVERSITY OF WISCONSIN ; PHYSICIAN TO WISCONSI.N 
GENER.AL HOSPIT.AL, MADISON, WIS. 

(From the Department of Medicine, University of Wisconsin.) 

iMcLean has pointed out- that there is much ei'idence to suggest 
the essentially equivalent therapeutic i-alues of dihydrotachysterol 
and vitamin D preparations for oral treatment of h.vpopara thyroid- 
ism. This conclusion is based on the lack of an.v decisive evidence 
to the’ contrary, on clinical reports which indicate satisfactory com- 
parisons, and on toxicity experiments with small laboratoqv animals. 
The data from this latter type of trials are presented as follows: 
The “borderline toxic doses” of pure calciferol (crvstalline vita- 
min Do) are from 5 to 12.5 times as great as for crystalline dihydro- 
tach,ysterol. Using the figure 5 as representing maximum toxicity, 
which McLean beliei’es is parallel to potenci' in maintaining serum 
calcium level, pure calciferol would be not o\'er one-fifth as potent 
as the dihydrotachysterol. By definition, 1 mg. of calciferol, or 
vitamin Do is equivalent to 40,000 international or U.S.P. units. 
The commercial form of dihydrotach.A’sterol, now marketed as 
“Hytakerol,” is a 0.2% solution of pure activated sterol, or 0.5% 
of the basic sterols, only 40% of which are significantly active. 
With the above equivalents in mind 1 mg. of calciferol, or 40,000 in- 
ternational units, of vitamin should be as acti^•e as 0.2 mg. of dihy- 
drotachysterol, which is contained in 0.1 ml. of the commercial oily 
solution. Or, in other words, 1 ml. of the oil solution, containing 
2 mg. pure dihydrotach\'sterol (or 5 mg. basic sterols) would be 
equivalent to 400,000 international units of vitamin. !McLean points 
out that the use of a small unit for the m’tamin standardization has 
tended to discourage the use of large enough doses to demonstrate 
this usefulness in treating tetany. Doses of Hytakerol coniinonb 
in use vary from 0.25 to 2 ml. daily, corresponding to 100,000 to 
800,000 units of vitamin 1). 

An oiiportunity to test this suggestion was based upon the treat- 
ment of 4 ca.ses of tetany which had been under oiiservation for 
some time pre^dous to the trials to be described. In each of these 
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pjilicnts tlic l)cn('fici;il results of ;i])i)r()])riatc; doses of the vilainin 
as well as of the speeial jireparaiion have been (leiiioiistrated. The 
choice of therapeutic agent is therefore made a matter of cost and 
availability of medicament. 

Case 1.— V. T. R. (No. 209579) was first seen at age 27 because of marked 
tliyrotoxicosis, for which a two-stage thyroidectomy was performed, with 
excellent general results. Although no clinical notes of tetany were found 
in the convalescent record, and the serum calcium was known to be 9 mg. 
per 100 cc. on the fifth postoperative day, the patient later mentioned 
that paresthesias appeared at about the time of discharge from the hospital. 
She was readmitted 4 months later with the typical symptoms of tetany, 
including laryngeal stridor and carpal spasm which required use of intra- 
venous calcium gluconate for relief. The following morning serum calcium 
was 8, phosphorus 6, whole blood cholesterol 129 mg. per 100 cc. The 
basal metabolic rate was -1-4%. 

Treatment was based on use of a low phosphorus diet, which was con- 
tinued throughout the observations. Calcium chloride was given in 25% 
solution, 8 gm. daily. With Hytakerol, given in doses of 0.5 ml. daily, 
serum calcium was maintained at 10.1 to 10.6 mg., phosphorus dropping to 
3.7 and later 2.7 mg. during the first 3 months. The dose of sterol was 
reduced to 0.25 ml. daity with equally good control, but 0.125 or 0.2 ml. 
per day led to a drop in calcium to 8.8 mg. and return of tetanic symptoms 
in mild form. _ • ^ 

Transfer was undertaken to vitamin D, using “Ertron,” a Whittier 
process concentrate with 50,000 units per capsule. Dosage of 100,000 units 
daily for 2 months was not entirely adequate, but 125,000 units was success- 
ful, and serum calcium was 9.9 mg., phosphorus 3.7 mg. after 1 week at 
the higher dose, which eliminated all symptoms of tetany. Return to use 
of Hytakerol, 0.5 ml. alternate days (0.25 ml. daily), was symptomatically 
as good, with calcium 9.7 mg., phosphorus 2.5 mg. 

These results indicate that 0.25 ml. Hytakerol and 125,000 inter- 
national units of Ertron are nearly equally potent. It is of impor- , 
tance to the patient, at least, that the former costs just 33% as 
much as the latter preparation. 

Case 2.— H. P. (No. 221007) was first seen at age 58, some months after 
thyroidectomy had been done elsewhere, and at which time she showed 
congestive heart failure and tetany. Serum calcium was 4.5 mg., phos- 
phorus, 2.5 mg. per 100 ml. Treatment with low phosphorus diet and cal- 
cium chloride, 4 gm. daily, was insufficient and she was given “Drisdol,” 
a propylene glycol solution of vitamin D. Dosage was uncertain and 
irregular as an arnbulatory patient, and she was hospitalized a second tune 
after a month’s interval. With Drisdol doses of 100,000 units daily for 
2 weeks, calcium rose from 7.9 to 10.1 mg., phosphorus rising from 2.9 to 
3.2 mg. Then the dose ^yas reduced to 50,000 units daily, with calcium 
dropping to 8.6 mg. and rising to 9, 9.9 and 10.2 mg. in the course of 3 weeks. 
She was then transferred to use of Hytakerol, 0.25 ml. daily, and after 
2 weeks calcium had dropped from 10.2 to 9.2 mg. but phosphorus remained 
at 3.1 mg. Tetanic sjTnptoms remained in abeyance throughout the period 
of treatment with vitamin or dihydrotachysterol. 

These results suggest that 0.25 ml. Hytakerol is not quite as 
adequate a dose as 50,000 units of Drisdol. This is a more favor- 
able comparison for the vitamin than the first case, but it is again 
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significant that the vitamin cost to the patient would have been 
exactly 3.5 times as great, although both preparations arc jirodiiccd 
by the same firm. 

Case 3.— D. E. (No. 96338) was first seen at age 21 because of lesions of 
the nails, skin on hands and feet, and on the tongue associated with allergic 
sensitivity to monilia. Other findings included numerous minute cataracts 
in both lenses, positive Chvostek and Trousseau signs, Roentgen ray evi- 
dence of markedly increased density of all bones, calcification in brain sub- 
stance, and seruni calcium 8, phosphorus 6.4 mg. per 100 ml. The historj' 
indicated that idiopathic tetany had been recognizable since age 5 . The 
treatment of tetany began with the diagnosis at age 21, and was based on 
low phosphorus diet, a daily intake of added calcium salts, and minimal 
doses of dihydrotachystero! to abolish all S3’mptoms of tetany. Following 
each of IRe trials of lower dosage it has been found necessary to return to 

I ml. daily of H5dakerol. A dose of 0.75 ml. has allowed the recurrence 
of tetany, whereas doses of 1.5 to 2 ml. cause the serum calcium to rise to 

II to 11.8 mg. Use of the 1 ml. doses daily maintains the calcium at 8 to 
9.3 mg., phosphorus 3.3 to 6.1 mg., usually in the lower range, and with 
entire freedom from tetanic symptoms or signs. After 3 years of such 
treatment an attempt was made to substitute vitamin D preparations for 
the dihydrotachysterol. The patient had been economizing by use of 
0.75 ml. of the latter preparation for some time, was usually free from sjmip- 
toms, and had calcium 9.2, phosphorus 5.3 mg. per 100 ml. at the time of 
change. She was given Mead’s viosterol in oil, 10,000 international units 
per gm., the daily dose being 100,000 units. This was continued for 3 weeks, 
during which calcium varied from 8.7 to 9.35 mg., and phosphorus was 
4.8 mg. No tetanic symptoms occurred. The return to Hytakerol, 1 ml. 
daily, maintained the calcium at 8.3 to 9.3 mg. but induced a progressive 
drop in phosphorus to 3.3 mg. 

Such findings suggest the essential equivalence of 100,000 inter- 
national units of viosterol with 0.75 ml. of Hytakerol. At current 
retail prices the vitamin preparation costs twice as much as the 
Hytakerol, which led the patient to return to the latter for main- 
tenance. 

Case 4. — C. I. (No. 10759) was first seen at age 53, when she developed 
acute tetany after tlywoidectomy for thyrotoxicosis. Subsequent studies 
have proved that the tetany is of permanent type. Over a period of 
5 3mars she has had treatment of variable effectiveness, with dieterj^ co- 
operation far from uniform. During the first year small doses of viosterol, 
not over 30,000 units, were employed, and supplemented with parathjuoid 
e.xtract. DilyArotachj'sterol was first used after more than 2 juars with 
tetanic symptoms. Persistent tendency to frequent, loose stools made 
control of tetan3'- doubh*^ difficult and seldom responded to any treatment 
other than use of teaspoonful doses of camphorated tincture of opium after 
each bowel evacuation. Almost 5 3’ears after the onset of tetan3’ a com- 
parison was made between two Htamin D preparations and dih3'drotacli3'- 
sterol. Keeping the patient on low phosphonis and low residue diet, with 
3 gm. of calcium chloride added dail3'^ 4 hour before meals, she was given 
100,000 international units of “Drisdol,” tlie solution of D in propylene 
dvcol. After 10 da3'’s the dose was increased to 200,000 units daily. 
One week later still the vitamin was supplied by “Deltalin,” ^ L1II3' capsme 
containing 50,000 international units each, administering 200,000 unit. 
dail3'. During this entire period of 3^ weeks serum caleiiim had change 
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from 5.8 to 7.6 mg., phosphorus from 5.5 to 5.8 mg., and tetanic symptoms 
and signs were usually in evidence. Treatment was then shifted to Hytak- 
erol, with doses of 0.5 ml. for 1 week, 0.75 ml. for 10 days,^and, filially, 1 ml. 
daily. With the use of the larger dose serum calcium rose to 8.8 and 9 mg., 
phosphorus decreased to 4.4 to 5.5 mg. and tetany was completely relieved. 

The results obtained with this patient do not give exact equi^^a- 
lent doses, but indicate that 200,000 units of the vitamin D prepa- 
rations were perhaps as potent as 0.75 ml. of Hytakerol, certainly 
not as helpful as 1 ml. Comparing the costs at retail, the dihydro- 
tachysterol would cost one-sixth less than the Deltalin, which had 
only a brief trial, but Drisdol would cost 4.6 times as much as the 
Hytakerol, produced by the same laboratory. 

Kesults. The results obtained in studies on these 4 patients are 
tabulated in Table 1. The result quoted from McLean^ is based 
on his calculation of the maximum potency to be expected from 
calciferol. The results herein reported suggest that McLean was 
conservative in his conclusions, and that commercial vitamin D 
preparations may be more potent than he stated. The limiting 
factor in turning to the vitamin preparations is neither ineffec- 
tiveness nor “toxicity” of any dangerous sort, but a matter of 
greater cost than the single product containing dihydrotachy sterol, 
Hytakerol. 


Table 1. — Comparison of Antitetanic Potencies of Dihydrotachysterol and 

Vitamin D. 


Source of 
comparison. 

F. C. McLean’ 
Patient V. T. R 
Patient H. P. . 
Patient D. E. . 
Patient C. I. . 


Dihydrotachy- 
stcrol, ml. of 
0.2% sol. 

1,00 

0.25 

0.25 

0.75 

0.75 


Preparation. 

Calciferol 

Ertron 

Drisdol 

Viosterol 

Drisdol 


Vitamin D 


Dose, I. U. 

125.000 
50,000 

100.000 
200,000 


Equivalent for 
1 ml. Hytakerol. 

400.000 

500.000 

200.000 

133.000 

266.000 


The relatively high cost of commercial preparations of viosterol 
in the United States is due in large part to the fact that no prepara- 
tions containing more than 10,000 international units per gm. have 
been permitted in commerce with the approi^al of the Council on 
Pharmacy and Chemistry of the American Medical Association or 
under licenses granted by the Wisconsin Alumni Research Founda- 
tion. Preliminary steps are known to be under way which will 
make available the higher concentrations of viosterol for prescrip- 
tion use only and which, it is hoped, will receive the approval of 
the agencies such as those mentioned. These procedures will 
drastically reduce the retail prices of the high potency viosterol 
materials so that the price comparispns mentioned must be under- 
stood as of 1941 retail costs. 

Another detail^ in the management of the patient with chronic 
tetany is the choice of calcium salt for use in addition to the small 
calcium content of the low phosphorus diets. Calcium lactate has 
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been used most widel 3 \ Calcium gluconate was advocated be- 
cause of its solubility, ease of absolution, and slightly sweet taste. 
Calcium phosphate is often prescribed, although the rationale of 
adding phosphate is incorrect, and in spite of the known fact that 
phosphates in the intestinal tract unll reduce the absorption of cal- 
cium when the reaction is not acid. The optimum calcium salt is 
calcium chloride, because this salt is very soluble in water, tends to 
produce a slightly acid reaction favoring absorption, and because 
it furnishes the largest proportion of calcium per gm. of salt. From 
the molcQular weights it can be seen that 1 gm. of the salts will pro- 
duce the following amounts of the element calcium: gluconate, 
93 mg.; lactate, 185 mg.; chloride, 360 mg. In other words, the 
chloride is 4 times as effecti^-e as the gluconate, twice as effective 
as the lactate Avhen serving as a source of calcium. The chief draw- 
back to its use in oral preparations has been its highly astringent 
effect in the mouth and pharjmx. This can be masked satisfactorily 
by prescribing the chloride as a 25% solution in a vehicle such as 
the standard elixir or syrup of glyc 3 ’rrhiza. Patients ha^'e been 
kept on this A'ery inexpensive preparation with complete satisfac- 
tion, using doses of 2 to 4 drams daily well before meals. 

Criticism of the chloride has been made on the ground that use of 
this salt will add an anion to the urine, and this will tend to increase 
the loss of cations, possibly thereby increasing calcium loss. To 
test this possibility trials were made with patient D. E. described 
above. The data are given in Table 2. The intake of calcium in 
food and drinking water was essentially constant, providing 0.124 


Table 2. — Effect of Anions on Calcium Salt Therapy. 

Urine excretion for 3 dnys. 


3-day period. 

Salt used. 

Daily 

do5C, 

gm. 

Calcium 

content, 

mg. 

Volume, 

mi. 

Calcium 

mg. 

.1/25-27 . 

Gluconate 

4 0 

372 

2580 

234 

3/2S-30 . 

Gluconate 

4 0 

372 

1560 

223 

3/3 1^/2 . 

Chloride 

4.0 

1440 

1830 

137 

4/.3-5 . . 

Lactate 

2.0 

370 

2290 

203 


to 0.133 gm. of calcium daily. The use of dihydrotachysterol was 
discontinued the day before beginning the test, and the patient 
remained free from tetanic symptoms throughout the 12 days of 
the study. Serum calcium decreased from 9.2 to S.7 mg. in this 
interval. It should be observed that although the chloride provided 
4 times as much calcium as the lactate or the gluconate used, and 
although the extra chlorine to be excreted should increase calcium 
loss, nevertheless, the urinary calcium was distinctly lower during 
the period of 3 days’ use of chloride than liefore or after. In spite 
of the lack of data from fecal analysis to complete information about 
a calcium l)alance it is well known that calcium chloride is well 
absorbed. The maintenance of several patients with this salt for 
long periods accords with this fact. 
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Tlic disadvantage of excessive amounts of inorganic jdiospliate 
in the intestine when ealeiinn al)Sorption is l)eing facilitated lias lieen 
stressed by Ellsworth d Attempts have been made to use a ])ro- 
prietary preparation of calcium phosphate, with effervescent salts, 
in 2 of the patients described in this report, but with failure to con- 
trol tetany readily in spite of extremely large doses, and with some 
tendency to increase in serum phosphate. Experience with another 
patient who has post-thyroidectomy permanent tetany and who 
requires 0.25 to 0.4 ml. of Hytakerol daily with 4 gm. of calcium 
chloride, indicates that milk is to be excluded from the diet. When 
using milk daily the serum phosphate averaged 5.15 mg. for 6 months 
but when the milk was omitted the phosphate dropped to 4 to 5.1, 
average 4.7 mg. for 10 months. During these two periods, calcium 
remained at the same average level of 8.9 and 8.8 mg. but varied 
from 6.8 to 10.4 mg. while using milk, only from 7.7 to 9.9 mg. when 
milk was excluded. 

Summary. Comparisons in 4 patients with tetany indicate that 
large doses of vitamin D may serve to control serum calcium and 
phosphorus levels adequately, but that at current prices this entails 
an increase in cost to the patient of 2 to 6 times that required for 
similar success with use of dihydrotachy sterol. 

Use of calcium as the chloride is advocated, and its superior 
efficiency in furnishing calcium is combined with safety and palat- 
ability when the salt is dispensed as a 25% solution in the syrup or 
elixir of glycyrrhiza, 
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USE OF SULFATHIAZOLE IN INFECTIOUS MONONUCLEOSIS. 
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During the past 5 years we have observed 64 university students 
suffering with infectious mononucleosis. Of these, 29 gave positive 
heterophil-antibody tests. Of the remaining 35, the test was nega- 
tive in 7 and tvas not done in the others. This paper is concerned 
with only the 29 serologieallypositive cases, 7 of which were treated 
with sulfathiazole. 
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HOFFMAN, LEES, COMROE: 


It has Jieen our obser\%ation that patients with this disease experi- 
ence rather protracted periods of disability following the subsidence 
of the acute phase of the illness. The usual procedures employed 
in management and therapy have proved uniformly disappointing. 
In view of the infectious nature of the disease, as characterized by 
onset with sore throat, fever, lymphadenopathy and occasional rash, 
it was thought that sulfathiazole might be expected to control more 
effectively the course and duration of the infectious process. We 
have therefore employed the drug in the treatment of our more 
recent cases in accordance with the following general plan. An 
initial dose of 1 gm. of sulfathiazole was given, followed by 0.5 gm. 
every 4 hours for the first 2 days. Dosage was then reduced to 
0.5 gm., 4 times daily, this amount being continued usually for a 
period of 4 to 8 days. Seven cases received this form of chemo- 
therapy (Table 1, Cases 14, 23, 24, 25, 26, 27 and 29). In the sulfa- 
thiazole-treated cases complete blood counts and urinalyses were 
performed daily and the urinary output was kept above 1200 cc. 
per 24 hours. Careful hematologic studies are mandatory when 
using a drug which is capable of producing a leukopenia in a patient 
in whom the neutrophils are already frequently reduced. 

The limited number of patients treated does not warrant a definite 
appraisal of the value of sulfathiazole in tlie treatment of infectious 
mononucleosis. However, the results obtained indicate that it is 
definitely superior to any form of therapy previously employed in 
this disease. Clinicallj’’, all patients receiving the drug showed 
definite and prompt improvement. Fever, sore throat, malaise and 
much of the adenopathj' had disappeared after 4 or 5 days. In 
those patients who did not receive sulfathiazole, the above symptoms 
persisted for varying periods up to 2 to 4 months, as usually occurs 
in this disease. Sulfathiazole did not produce anj”- appreciable 
change in the blood picture in any of the patients in this series. 
Our previous e.\perience with sulfanilamide in infectious mononu- 
cleosis had been disappointing. 

Guthrie and PesseP noted that a transient neutrophilia might 
appear at the onset of infectious mononucleosis in young adults, 
with subsequent Ij^mphocj'tosis which sometimes does not appear 
until the temperature has returned to normal. Bernstein’" found 
an increased percentage of neutrophils with a normal total white 
blood count at the onset in only 1 patient. He believes that blood 
counts are usually not made until 4 or 5 days after the onset of 
symptoms and by that time a well-marked lymphocj'tosis is gener- 
ally present. In none of our patients did we observe a marked 
neutrophilia at any time during the course of the disease. However, 
a normal total white blood count and a normal differential picture 
was present earl}' in the disease in several patients (Table 1). 

The initial white blood count, the count taken on the first day of 
observation of the patient, was 8000 or less in 44.8% (13) of our 
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cases (Table 1); in 20.7% (6) it was above 15,000. Tliese counts 
were all taken within 14 days after the onset of sym])toins. 

The initial differential picture was essentially normal in 20.7 % 
(6). In 72.4% (21) the percentage of lymphocytes was definitely 
increased (above 40%) on the initial count and in 55.2% (16) the 
percentage of neutrophils was decreased (less than 40 %) . 

The highest white blood count encountered in this series was 
26,400 (Case 28, Table 1) . Much higher counts have been observed ; 
60,000 (Potter'') and 54,500 to 63,000 (Tidy®). The lowest count 
in our series was 3700 (Case 24, Table 1). BernsteiiT*' noted white 
blood counts below 4000 in 7 cases. Others have reported counts 
as low as 2400 (White'"), 2150 (Blum^), 2000 (Tidy®) and 1500 
(Davidsohn®) . The highest count in our series Avas taken on the 
second day after onset of symptoms and the lowest was taken on 
the fourth day. 


Tabi.e 1.— Leukocyte and Differentiae Counts. 


Case 

No. 

Name. 

Sex. 

Age. 

'w.B.C. 

Initial count 

P. L. M. 

E. 

n. 

Day of 
initial 
count. 

1 

W. A. B. 

M 

22 

14.7 

24 

66 

10 



11 

2 

T. N. M. 

M 

24 

11.2 

29 

66 

4 


1 

4 

3 

K. E. VanB. 

M 

23 

5.6 

62 

36 

2 



6 

4 

G. H. C. 

M 

23 

10.8 

41 

56 

2 

1 


8 

5 

J. C. G. 

M 

21 

5.G 

43 

46 

1 

10 


7 

6 

R. F. H. 

M 

22 

4.1 

60 

35 

4 

1 


3 

7 

W. 0. LaM. 

M 

23 

10.1 

24 

72 

4 



3 

8 

W. H. S. 

M 

23 

7.5 

52 

40 

7 

1 


G 

9 

L. L. T. 

M 

23 

16.8 

41 

58 

1 



3 

10 

E. R. K. 

M 

24 

6.1 

45 

51 

4 



2 

11 

W. H. W. 

M 

22 

11.0 

35 

57 

4 

4 


11 

12 

J. W. D. 

M 

21 

6.6 

52 

41 

6 

1 


7 

13 

P. M. Z. 

F 

21 

13.5 

24 

74 

2 



1 

14. 

S. B. 

F 

19 

13.0 

17 

74 

7 

2 


4 

15 

J. J. Z. 

M 

25 

22.7 

27 

09 

4 



14 

1C 

L. W., Jr. 

M 

22 

7.9 

56 

35 

7 

2 


4 

17 

E. B. W. 

M 

27 

6.9 

38 

51 

7 

3 

1 

3 

18 

G. A. R. 

M 

19 

18.0 

24 

66 

10 



4 

19 

R. L. H. 

M 

19 

6.2 

62 

29 

4 

4 

1 

2 

20 

C. R. G. 

M 

20 

16.0 

32 

65 

3 



4 

21 

J. H. F. 

M 

19 

9.0 

68 

32 




1 

22 

J. R. T. 

M 

25 

6.3 

72 

25 

2 

1 


12 

23 

R. L. S. 

M 

22 

10.1 

27 

66 

7 



7 

24 

A. W. 

M 

25 

3.7 

67 

30 

3 



4 

25 

R. B. C. 

M 

22 

18.1 

27 

68 

5 • 



4 

20 

R. J. J. 

M 

23 

7.5 

21 

71 

7 

T 


12 

27 

C. E. T. 

M 

22 

8.0 

23 

70 

7 



7 

28 

J. D. L. 

M 

20 

26.4 

26 

62 

9 

2 

1 

2 

29 

R. C. P. 

M 

22 

12.1 

28 

64 

8 

, , 


3 


From our observations there was apparent no definite correlation 
between the total white blood count and the differential picture; 
between the total white blood count and the stage of the disease; or 
between the differential picture and the stage of the disease. The 
only constant finding was a definite lymphocytosis at some time 
during the course of the disease. 
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HOFFJIAN, LEES, COIIROE: 


During the first 2 weeks of symptoms the initial white hlood count 
\'arietl eonsideralily in different individuals. We have seen a nor- 
mal total white blood count with a normal differential picture; a 
normal total count with a decrease in percentage of neutrophils and 
an increase in percentage of lymphocytes; and an increased total 
count with a decrease in percentage of neutrophils and an increase 
in percentage of lymphocytes (Table 1). In this series a leukocyto- 
sis was encountered in only those cases where the lymphocytes 
exceeded in percentage the neutrophils. 



Chart 1. — .Total leukocyte counts .and number of lymphocytes in three cases 
treated with sulfathiazole. 



Chart 2. — Total leukocyte counts and number of lymphocytes in three untreated 

cases. 


The symptoms in our 29 cases did not differ from those commonly 
observed in infectious mononucleosis. The most common and most 
marked were fever (89.7%), sore throat (72.4%) and general 
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malaise (72.4%). Less common were headache (41.4%), vague 
aches and pains (24.1 %), tender cervical and axillary nodes (17 .2%), 
chilly sensations and actual chills, ' nausea and vomiting. Nasal 
congestion was present in 58.6% (17 cases), acute tonsillitis in 
10.3% (3) and AHncent’s infection of the gums and pharynx in 
6.9% (2). A palpable spleen was present in 31% (9). Cervical 
lymphadenopathy was noted in 100% (29), axillary in 82.8% (24), 
and inguinal in 7^9 % (22). The usual course of the disease follow- 
ing the acute episode was one of general malaise, ready fatigue, and 
slight morning or afternoon elevation of temperature for several 
weeks, persi.sting in some cases for 4 months or more. 

Although the name indicates that the disease is infectious, we have 
never seen any direct evidence of person to person spread through 
contact. We have not had more than 1 case from a single fraternity 
house or dormitory at any one time. Several cases have been 
present on the campus at the same time, but these usually came from 
varied student groups having little or no contact with one another. 
Bernstein^^ suggests that the “contagiousness” is low and that the 
occurrence of sudden outbreaks suggests the possibility of the carrier 
state. West,® Guthrie and PesseL and Gooding^ have reported 
epidemics of the disease. 

The age group of our patients ranged from 19 to 27 years, this 
being the age group of the university students with which we come in 
contact. 

Of our 29 cases only 2 (6.9%) were females. However, female 
students comprise approximately only 13.5% of all cases treated at 
the Student Health Service. Bernstein'*' noted the disease to be 
more prevalent in the male sex. 

Most of our cases occurred in March and in December, 17.2% (5) 
in each month; 13.8% (4) were seen in February and in May; and 
10.3% (3) in January and in April. Since the University is open 
for only half of June and September, and for none of July or 
August, we have no figures for these months. West® found no 
cases in June, July or August, and only 1 in September. He and 
Bernstein'*' each found the highest number of cases in their series 
in October. Gooding'' reported an epidemic in April and Ma 5 ^ and 
Nolan® reported one beginning in November. 

In a few of our cases, heterophil-antibody tests done in the first 
few days of the disease were negative. When the tests were repeated 
after 1 to 2 weeks, they were found to have become positive. This 
has suggested the importance of repeating the test during the second 
week of the disease, as it may not become positive until that time. 

Summary. A series of 29 cases of infectious mononucleosis with 
positive heterophil-antibody tests was studied. Sulfathiazole pro- 
duced prompt clinical improvement without marked change in the 
white blood count or differential picture in all 7 of the cases in which 
it was used. 
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The heterophil-antibody test was occasionally negative in the first 
week of the disease and became positive during the second week. 

In almost half of the patients the initial blood count was 8000 
or less. 

Addenda. We have seen seven additional patients -ndth infectious mononucleosis 
since compiling the preceding report. One of these boys, whose initial white blood 
count was 2000, could not tolerate sulfathiazole because of marked nausea and 
vomiting. Sulfadiazine was given in one case, but was discontinued because of a 
resulting high fever and aggravation of symptoms. In five additional cases, sulfa- 
thiazole seemed to be of definite value in shortening the symptomatic stage. Wc 
have not used convalescent serum in any of these patients. 
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AN IMPROVED METHOD OF OBTAINING SUSTAINED CON- 
TROLLED HYPERPYREXIA WITH TRIPLE 
TYPHOID VACCINE.* 

By Harry A. Solomon, M.D., 
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BELLE^^JE hospital; ATTENDING PHYSICIAN, BETH DAVID HOSPITAL, 

AND 

Eugene Somkin, M.D., 

assistant visiting PHYSICIAN, BELLEVUE HOSPITAL; CLINICAL ASSISTANT 
PHYSICIAN, MEDICAL OUT-PATIENT DEPARTMENT, MT. SINAI HOSPITAL, 
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(From the 4th Medical Division, Bellevue Hospital, and the Beth David Hospital.) 

While treating cases of subacute bacterial endocarditis with a 
combination of sulfonamides and hyperpyrexia,^ the coni'entional 
method of obtaining temperature elevations with a single intraven- 
ous injection of triple t.i'phoid vaccinef was abandoned in favor of 
a saline suspension of the organism given by continuous infusion. 
The temperature elevations obtained by this means have been 
striking. Periods of hyperpyrexia comparable to those obtained 
with physical methods were obtained with comparative ease and 
safety. When one considers the relative costs, space and training 
required for administration of these two methods, the advantages 

* This work was aided by a grant from the Joseph Golding Research Fund. 

t 1000 million B. Itjphosus per cc.: 750 million B. paralyph. A per ce.; 750 million 
B. paralyph. B per cc. 
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of this simple technique is apparent, warranting further trial and 
stud3\ 

Method. The patient can be treated in his hospital bed ; he inust be well 
covered to minimize heat loss. It is advisable to have a nurse in constant 
attendance. Triple typhoid vaccine in amounts equal to that ordinarily 
used in the first of a series of typhoid shock therapy injections is added to 
1000 cc. of sterilized normal saline. This is thoroughly mixed and added 
to the sterilized infusion flask which usually has a capacity of 300 cc. This 
flask is agitated from time to time to insure an even suspension of organ- 
isms. The site of preference for insertion pf the needle is a forearm vein. 
It is important to avoid an arm board, as it restricts the patient’s activity 
and makes the treatment harder to bear. An infusion properly applied 
gives no difficulty even during the most severe chill. The infusion is started 
at the slowest rate of flow possible (20 to 25 drops per minute). The chill 
usually occurs within 35 to 45 minutes, and can be suppressed to a con- 
siderable extent by injecting into the infusing tubing at the onset of symp- 
toms, morphine sulphate (.015 gm.) and calcium gluconate or chloride 
(1 gm.). ' If, as occasionally happens, there is no sign of a chill in 45 min- 
utes, the infusion rate may be doubled. From this point on the tempera- 
ture may be sustained at the effective level of about 104° F. for as long as 
6 to 10 hours without further chills. The maximum temperature elevation 
usualty occurs within I? hours after the chill. Rectal temperatures everj'- 
10 to 15 minutes are quite important at that time. The infusing rate should 
not be increased by more than 2 times until the temperature has reached a 
constant level or has begun to fall. At that time the rate of flow may 
again be doubled or more feasibly an infusing solution with a greater num- 
ber of killed organisms may be substituted. As a general rule, the longer 
the temperature has been elevated the greater the number of organisms or 
drops per minute required to maintain the temperature at 104° F. If the 
temperature begins to drop before an effective therapeutic period has been 
approximated, due possibly to a small number of organisms infused during 
and immediately after the chill, a considerable quantity of organisms may 
have to be infused within a short period of time to regain previous tempera- 
ture levels. Another mild chill is the only possible adverse effect of this 
rapid infusion. 

Elevations or depressions in the temperature can be obtained within 10 
to 25 minutes by increasing or decreasing the rate of flow. Excessive rises 
are controlled by sponging, exposing the limbs or antipyretics. Once the 
infusion is discontinued, the temperature drops rapidly. Replenishing 
solutions should usually contain twice the number of organisms as the initial 
solution. Morphine sulphate (.015 gm.) is given intravenously every 3 to 
4 hours for restlessness.'* In carrying out a series of treatments every day 
or every other day, the number of organisms used is determined in a manner 
similar to that of the single injection technique, namely .02 or .03 cc. of 
triple typhoid vaccine for the first .1, .2, .4 cc. and so on for the succeeding 
ones. 

It is wise to start with a very small number of organisms for the first 
treatment as there is often a prolonged febrile response and a secondary 
rise lasting 1 to 2 days. _ For this reason, we are inclined to feel that since 
the first injection with its variable response is so often apt to give but a 
poor temperature elevation, it is simpler to administer only 1 injection of 
triple typhoid vaccine for the first session. The temperature elevation 
should be allowed to subside before starting the next treatment. The infu- 
sion should not be continued for longer than 6 hours until the febrile re- 
sponses are properly gauged. As much as 22 cc. of triple typhoid vaccine 
has been given m an 8-hour session unthout ill-effects or abnonnal tempera- 
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ture responses. The blood sulfapyridine level is easily fortified by adding 
5 gm. of sodium sulfapjTidine at the start of the infusion (saline only). 
All of the patients in this series were receiving either sulfanilamide, sulfa- 
pjTidine or sulfadiazine (1 gm. every 4 to 6 hours). Supportive therapv i.s 
always administered in one form or another. 



Results. Since iNIarch, 1941, this method has been used in con- 
junction with chemotherapy in 14 cases (subacute bacterial endo- 
carditis particularly, and such resistant infections as chronic pyo- 
genic infections of the lung, chronic arthritis, and chronic ulcera- 
tive colitis) for a total of G7 treatments. The average length of 
time the temperature was above 104° F. was 4 hours and 20 minutes. 

Two deaths occurred in this series. In 1, a patient who gave 
evidence of intracranial involvement, diagnosis was rather obscure, 
possibly that of diffuse vascular disease. The patient had been sick 
for several months and was deteriorating rapidly. For this reason 
hyperp^•rexia and sulfapyridine therapy seemed to offer the best 
chance. The cause of death was a sustained and mounting hyper- 
pyrexia with subsequent coma and cardiac failure. The other was 
a 5G-year-old male with multiple aputrid lung abscesses who was 
markedly toxic and in a critical state. The second treatment using 
only 100 million organisms caused a prolonged hyperpyrexia which 
resulted in coma and death. 
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Several cases of i)ulinonary sujipuratioii and diffuse fibrosis sliowcd 
consideral)Ie cyanosis, dysjnica and occasional dcliriinn at tijiics. 
This was rapidly controlled with morphine sulphate (.015 gm.) 
injected into the infusing tubing. It is important to note that the 
reactions with this method are quite similar to those of the single 
injection and usually much less marked. 

The therapeutic results with combined therapy will form the sub- 
ject of another report. 

Chart 1 gives a fairly characteristic temperature and pulse curve. 
Discussion. The chief drawbacks of h 3 'perpyrexia obtained with 
a single injection of triple typhoid vaccine are the strenuous chill, 
the uncertainty of obtaining a suitable temperature rise, the rela- 
tivelj" short period of therapeutic fever, the fact that large amounts 
of the organism must be injected at one time to insure a chill, and 
the inability to control subsequent course. Attempts have been 
made to prolong the period of therapeutic fever by giving a doubled 
dose of triple t^^phoid vaccine 2 hours after the first.^ This results 
in a second chill and all of the unpleasant s^'mptoms of rapid changes 
in temperature. Here, too, the hyperpyrexia is rarely sustained 
over 104° F. for longer than 4 hours. One can obtain a well-con- 
trolled and sustained h.yperpyrexia by using diathermy and hot box. 
This method is quite costly, requiring special training in its use. 
Most small hospitals probabl.y do not have this equipment. 

Using the infusion technique we have obtained sustained tempera- 
ture elevations of over 104° F. from 6 to 10 hours with comparative 
ease. It never presents more of a risk than the single injection tech- 
nique, for a certain amount of control is always assured. The char- 
acteristic result is one chill which can be controlled. The small 
number of the organisms actualby injected to obtain the chill mini- 
mizes the dangers of untoward reactions. Adequate amounts of 
• fluid intake are insured bj' the continuous infusion; and, should 
collapse threaten, emergenej' medication can easilj^ be administered 
through the infusing tubing. A glucose or saline infusion can be 
readily substituted for the triple typhone vaccine suspension. With 
but little practice in regulating the intravenous drip, one develops 
facility in maintaining a fairly level temperature curve. This type 
of heat seems to be borne comparative!}’’ well as compared to dia- 
thermy and the hot box, probably because there is less stimulation 
of the skin temperature endings and less dehydration. The contra- 
indications are those of the single injection; nameljy intracranial 
complications, marked debility and cardiac failure. The presence 
of endogenous fever does not seem to be a contraindication with 
this method. 

Several interesting sidelights on the physiology of triple typhoid 
vaccine hyperpytyxia have been noted. The prolonged period of 
hyperpyrexia Avhich can be varied by changing the rate of infusion 
of organisms without further chills indicates conclusively that mus- 
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cular contraction plays no role in the maintenance, and possibly 
none in the production of the fever. The very small numlier of 
organisms actually used to bring on the chill is also curious, when 
one considers how the successive doses of triple typhoid vaccine 
must be multiplied to obtain adequate temperature elevations. 
On one occasion 20 cc. of the infusion mixture was injected over 
20 minutes after which it was discontinued. This represented a 
small fraction of the number of organisms one would ordinarily use 
in one injection to obtain a suitable hyperpyrexia. JMucli to our 
surprise, the characteristic chill and temperature elevation resulted. 

A possible explanation for this may be that the mechanism which 
removes the organism from the blood stream is far more efficient 
when a large number is injected at one time than with a slow con- 
tinuous infusion. The prolonged febrile response resulting from the 
first injection of typhoid organisms, whether in a single injection or 
infusion, may be of a similar nature: namely, there is no mechanism 
to remove the organisms from the blood stream and thej" continue 
to circulate and give symptoms for 1 to 2 days until they are removed. 

The use of protein shock therapy is a rather old and well-estab- ■ 
fished procedure. Its. benefits are probablj’- derived from the hyper- 
pyrexia, increased circulation, stimulation of tissue resistance and 
antibody formation, and the destruction of lymphocytes with libera- 
tion of their antibodies. The recent introduction of chemothera- 
peutic agents has widened the scope of therapy in general. It is 
but little appreciated how hyperpyre.xia can greatly augment the 
bacteriocidal properties of the sulfonamides^-® and render effectual 
a drug which on previous trial had had but little or no effect. This 
can be carried out with little additional risk to the patient and calls 
for a reinvestigation of the therapeutic properties of the sulfonamides 
in other diseases where their use has been discontinued. 

Summary. 1. A method for obtaining controlled sustained hyper- ^ 
pyrexia with continuous infusion of triple typhoid vaccine suspen- 
sions is described. 

2. Using this method in 14 cases for a total of 67 treatments, the 
temperature was maintained over 104° F. for an a^•erage of 4 hours 
and 20 minutes. 

3. It is safe, easy to administer and comparatively economical. 

4. The combined use of the sulfonamides and hyperpyre.xia ofl'er 
a therapeutic agent which is far more potent than that of the sulfona- 
mides alone. 
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CLINICAL VALUE OF DIGITALIS IN HYPERTENSIVE HEART 

FAILURE. 

I. With a Normal Rate and a Regular Rhythm. 

By Nathan Flaxman, M.D., 

CLINICAL ASSOCIATE IN MEDICINE, LOYOLA UNIVERSITY MEDICAL SCHOOL; ASSOCIATE 
ATTENDING PHYSICIAN, COOK COUNTY HOSPITAL, CHICAGO, ILL. 

(From the Department of Medicine, Loyola University School of Medicine, the 
Columbus Hospital and the Cook County Hospital Service of Dr. Harry J. Isaacs.) 

Digitalis has a substantial background for its use in heart failure 
with normal rhythm. The first clinician to indicate this was the 
younger Janeway.®" In certain cases with normal rhythm he had 
seen digitalis followed by as speedy relief of symptoms as in fibrillat- 
ing hearts; this was particularly true in patients with cardiac insuffi- 
ciency secondary to prolonged high blood pressure.® Pratt® found 
that digitalis is beneficial in some cases of heart failure with normal 
rhythm. It was Christian^" •*’ who noted that even when the heart 
rate is slow striking digitalis effects may be produced. 

Since then the effects of digitalis on the regularly beating heart 
have been carefully studied and reported. Luten’“ stated that the 
drug exercises an action upon the ventricular muscle which is 
beneficial independently of any particular cardiac mechanism, and 
entirely aside from any effect on rate. He added that in administer- 
ing the drug to patients with normal rhythm it is particularly im- 
portant to keep clearly in mind the object of therapy, and to appre- 
ciate that direct slowing should not be expected; otherwise harmful 
consequences may ensue. Stewart and his coworkers® administered 
digitalis to decompensated patients with regular rhythm which 
resulted in 24 hours in an increased cardiac output, a decrease in 
cardiac size, a shortening of the circulation time, and a fall in venous 
pressure if it was elevated. Harrison® stated that the essential 
action consists in increasing the efficiency of the heart by diminish- 
ing dilatation. Evans® emphasized that successful digitalization is 
best indicated by freedom from symptoms and signs of heart failure, 
not by actual heart rate, Wood^® noted that a fall in pulse rate is 
usually associated with improvement from digitalis therapy, but it 
is not essential. The drug improves the function of the heart in 
congestive failure by direct action on the cardiac muscle, which 
without primary change in the diastolie length of the muscle in- 
creases the tension which the muscle can develop in systole.^ Many 
leading clinicians, on the basis of their own experience, have long 
maintained that the true indication for digitalis has little to do with 
rate or rhythm.’® 

All of the earlier studies on the use of digitalis in heart failure 
with normal rhythm have included not only cases due to various 
etiologie factors, but also those with sinus rhythm and sinus tachy- 
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cardia. Since tlie etiologic cause of myocardial failure is regarded 
as very important today, this study is confined to cases with a single 
etiologic factor. Further, due to the fact that some .still que.stion 
the effects of digitalis on the heart muscle itself, only eases with a 
regular rhythm whose rate was between 60 and 99 beats per minute 
are included. Those cases with a rapid, regular rate of 100 to 
160 beats per minute are considered in a separate study.^'* 

In a previous reporF“ on the disturbances of rate and rhythm 
among 800 cases of uncomplicated hypertensive heart disease, con- 
gestive failure with a normal rate and a regular rhythm was noted 
in 191 patients (23.8%). This wms the third largest group among 
the hypertensive patients; auricular fibrillation, the second largest 
group, occurred in 198 (24.8%); and the largest were those with 
sinus tachycardia, which was present in 222 (27.8%). Such a group 
of patients, representing approximatel 3 " one-fourth of all cases of 
hj'^pertensive heart failure, have received little or no attention in 
the literature. Since it was found that these patients have’ the 
lowest mortalitj^ of all groups or lij-pertensives during congestive 
heart failure, a separate record and analysis was made of all subse- 
quent cases. 

Even to one interested in cardiolog\', patients in congestive failure 
with normal rate and regular rhythm are the least interesting of all 
cardiac cases. Such patients have no spectacular symptoms or 
findings to offer an observer. For this reason it is eas.v to overlook 
their failure in the earlj^ stages. Aside from the gradual onset with 
symptoms of dyspnea, and/or precordial or epigastric distress, and 
palpitation, and the plwsical findings of an enlarged heart, no other 
complaints or alterations maj" be present. Usuallj', moist rales are 
present at the bases of the lungs with isolated failure of the left ven- 
tricle; while with the combined left- and right-sided failure, in addi- 
tion to the rales, an enlarged tender liver and edema are found. 
Seldom does the onset occur abrupth^ with such alarming s^'mptoms 
as paroxj'smal nocturnal orthopnea, cardiac asthma, or Cheyne- 
Stpkes respiration. 

Table 1. — Distribution, of Cases According to Age. 


Age groups. ^lale. Peinale. Total. %• 

25-30 1 0 1 0.7 

31^0 5 0 5 3.1 

41-50 40 12 52 32 5 

51-00 Co S 73 45.0 

01-09 23 0 29 IS.l 

Totals 134 20 100 100.0 


The material in this stud.v is based on the clinical anah'sis of 
160 cases of hypertensive heart failure who had a normal rate and a 
regular rhythm at the onset and during the congestive failure. They 
were seen in succession, and selected only in the sense that each 
had the heart failure on the basis of essential hypertension; 83% 
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were males and 17% were females. The ages varied from 25 to 
69 years (Table 1); 78.1% were in the hypertensive age of 40 to 
60 years. Among all hypertensives 78.8% were in the same age 
group/*’ while in 158 with auricular fibrillation 77.1% were in the 
same ages.^'’ 

Duration of Syvijytoms in Relation to the Outcome. As far as could 
be personally determined, all of the patients were in their first de- 
compensation. Many of them had been under observation at one 
time or another for a variety of ailments. About one-third had 
the psychoneurotic complaints of headache, dizziness, tinnitus, and 
23 other similar symptoms.* Regardless of the duration of the 
symptoms before treatment with digitalis was started, the prognosis 
was the same (Table 2). The majority, 82 (51%), had the symp- 
toms less than 4 months. 

Table 2. — Duration of Cardiac Symptoms in Relation to the Mortality. 


Mortality 

Duration. Cases. Deaths. (%). 

Less than 1 mo .39 9 23 

1- 2 mos 22 5 22.7 

2- 4 “ 21 6 ■ 28 

4-6 “ 19 5 26 

6 mos.-l yr IS 6 26 

Over 1 jT 41 7 17 

Totals 160 37 23 


Type of Heart Failure. There are three types of lyyperteiisive 
heart failure: 1, the combined right- and left-sided ventricular 
failure, denoted by symptoms of dyspnea alone or associated with 
cardiac pain, palpitation, or weakness, with the signs .of systemic 
congestion; 2, isolated failure of the left ventricle, denoted by symp- 
toms of dyspnea or cardiac pain alone or by dyspnea associated 
cardiac pain, palpitation, or weakness, and no signs of s,ystemic con- 
gestion; and 3, isolated failure of the right ventricle, denoted by the 
symptom of epigastric pain usually, and with signs of systemic con- 
gestion.®'* Among all types of hypertensives the combined type of 
failure was noted in 72.5% and left ventricular failure in 26.5%.®'* 
In the present series of 160 cases the incidence was 66.8% and 
33.2%, respectively. The type of hypertensive heart failure has 
prognostic significance, but in this study the difference in mortality 
was not as marked. Of those Avith combined failure, 27 (25%) died, 
as compared Avith 10 (18%) of those Avith isolated failure of the left 
ventricle (Table 3). 

Table 3.— Types of Hypertensive Heart Failure in Relation to Mortality 
Type. 

Combined venti ieulai 
Left ventricular . 


Cuso.s. 

107 

53 


Deatli.s. 

27 

10 


Mortality 
(%). ■ 
25 
IS 


* Unpublished data. 
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Duration of Decom-pensaiwii. The length of time required to 
restore compensation in these patients seems to have an influence 
on the outcome. From Table 4 it is noted that the longer the de- 
compensation persisted after treatment with digitalis was begun', 
the greater the average mortality. Fatalities were heaviest among 
those whose myocardial failure persisted 6 weeks or longer after 
treatment commenced. ' 


Table 4. — Duration of Decompensation in Relation to Mortality.* 


Duration. 

Cases. 

Deaths. 

Mortalitj 

(%). 

Less than 2 wks. . 

.... 79 

12 

15 

3 wks 

. . . . 30 

6 

20 

4 “ 

. . . 24 

6 

25 

6 “ 

. . . . 13 

4 

30 

8 “ ... 

. . . . 5 

3 

60 

12 “ 

. . 6 

4 

66 

16 “ 

. . . . 3 

2 

66 

After treatment with digitalis has started. 




Causes of Death. Uremia, the important cause of death among 
these patients, was responsible for 19 (51 %) of the 37 deaths during 
treatment. This is a factor which cannot be controlled by digitalis 
or by any other type of therapy at the present time. Regardless 
of the type of failure, it was still the common cause of death (Table 5). 
Ranking second in importance were congestive heart failure, espe- 
cially among those with the combined type, and coronary throm- 
bosis, in those with failure of the left ventricle. The frequency 
and importance of coronary thrombosis occurring during isolated 
failure of the left ventricle due to essential hypertension has received 
the special attention it merits.^* 

Table 5. — Causes of Death in 37 Cases of Hypertensive Heart Failure 
With Normal Rate and Regular Rhythm. 

Combined ventricular Left ventricular 
failure. failure. 


Cause of death. 

Cases. 

%. 

Cases. 

%. 

Total. 

%. 

Uremia . . ... 

. 13 

48.0 

6 

60 0 

19 

51.0 

Congestive heart failure 

12 

44.4 

1 

10.0 

13 

35.0 

Coronarj' thrombosis . 

1 

3.8 

3 

30 0 

4 

10.3 

Cerebral hemorrhage 

1 

3.8 



1 

2.7 


Case Reports. Case 120. N. C., a 50-3’^ear-old male laborer, com- 
plained of dj^spnea, cough, and palpitation of 3 months’ duration. The 
sjTnptoms had a gradual onset and increased in severity, especial!}' during 
the' last week. He was a known hypertensive, hawng been originall}' seen 
1 year before at which time a blood pressure of 190/110 and a transverse 
cardiac measurement of 16 cm. were noted. On this last occasion the 
physical examination revealed a blood pressure of 210/130, impaired 
resonance and moist nlles over both lung bases, a transverse cardiac meas- 
urement of 19 cm., a soft systolic murmur at the apex, and an accentuated 
second aortic sound. The liver was not palpable and no edema lyas present. 
There was a trace of albumin in the urine. The blood urea nitrogen was 
38 and the creatinine was 2. He was already on bed-rest, and digitalis, 
alonn- ivith sedatives, were given. Three days after treatment was begun 
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lie appeared very drowsy and incoherent. The blood chemistiy showed 
a rise in the urea nitrogen to 62.1 and the •creatinine to 6. Although he 
was digitalized and the failure of the left A^entricular cleared, the uremic 
manifestations increased. Eleven days after treatment was started the 
urea nitrogen was 120 and the creatinine 9._ He expired in terminal uremia 
18 days after first being seen for the failure of the left A’'entricle. An 
autopsy revealed an eccentric hypertrophy of the heart (620 gm.), arterio- 
sclerotic contracted kidneys with granulation, passive congestion of the 
liver and lungs, and atherosclerosis of the aorta. 

This case is illustrative of the outstanding uncontrollable factor in the 
course of hypertensive heart failure with a normal rate and a regular 
rhythm. In spite of a good cardiac response to digitalis, the patient died 
in uremia. 

Case 40.— M. W., a 54-year-old male clerk, complained of dyspnea and 
precordial pain of 6 months’ duration. He was known to have high blood 
pressure over 6 years, and during those years it varied from 160/90 to 
170/110 and the transverse cardiac measurement increased from 14 to 
18 cm. On this last occasion the physical examination revealed a blood 
pressure of 150/96, moist r41es at the bases of both lungs, and a transverse 
cardiac measurement of 22 cm. The liver was not palpable and no edema 
was present. The urine contained a trace of albumin, and the blood urea 
nitrogen was 17. An electrocardiogram showed a rate of 86, notching 
and slurring of the QRS complexes, and negative T waves in Leads 2 and 3. 
He seemed to respond well to digitalis as the dyspnea and pain diminished 
and the riles cleared. On the third day after treatment was started he 
suffered a severe attack of acute coronary artery thrombosis while still in 
bed. He lingered for 9 days, and expired 12 days after treatment was 
commenced. An autopsy revealed severe sclerosis of the coronary artery 
with marked narrowing of the lumen, a recent thrombus occluding the left 
descending branch of the coronary artery at the site of an atheromatous 
ulcer, scarring and recent myomalacia in the anterior wall of the left ven- 
tricle, marked eccentric hypertrophy of the heart (880 gm.), edema of the 
lungs, atherosclerosis of the aorta and splenic arteries, chronic passive con- 
gestion of the liver, spleen, kidneys, arterio- and arteriolosclerosis of the 
kidneys. 

This case illustrates another uncontrollable outcome in the course of 
hypertensive heart failure. In spite of what appeared to be a good response 
to digitalis, death was due to an acute coronary artery thrombosis which 
occurred on the third day after treatment was started. 

Case 64.— H. W., a 54-year-old salesman, was a known hypertensive 
of 5 years’ duration. His blood pressure had varied from 200/120 to 280/150 
and the transverse cardiac measurement was 15 cm. On this last occasion, 
when he complained of dyspnea and nocturia of 6 weeks’ duration, the 
physical examination revealed a blood pressure of 290/150, moist rales at 
the bases of both lungs, a transverse cardiac measurement of 19 cm., and 
a booming aortic second sound. The liver was not palpable, and no edema 
was present. There was a moderate amount of albumin in the urine, and 
the blood urea nitrogen was 17. Digitalis therapy was instituted. In the 
midst of what appeared to be a favorable response, he suddenly and very 
unexpectedly expired while sitting up in bed. His death occurred on the 
fourth day after treatment was begun. An autopsy revealed marked eccen- 
tric hypertrophy of the heart (570 gm.), moderate sclerosis of the cbronaiy 
arteries, arteriosclerosis of the kidneys, edema of the lungs, and chronic 
passiye congestion of the liver and spleen. 

This case might be taken as a failure of response to digitalis, but aside 
from the evidence of congestive heart failure at autopsy no other factor 
could account for the sudden death on the fourth day of treatment Among 
the 160 cases m this series there was one other sudden cardiac death This 
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was ill !i 50-yeai-old male, decompensated 2 months, wlio suddenly expired 
on tlie eightli day of treatment when tlie gross signs of congestive heart, 
failure had already disappeared. An autopsy was not obtainable, and the 
cause of death, although assumed to be congestive heart failure, was not 
clear. 

Comment. In spite of these unavoidable deaths, a small number 
of patients with hypertensive heart disease lived 10 to 20 years 
after the onset of cardiac sj’mptoms.®-^ C onsidering the large groups 
of hypertensive patients, those with a normal rate and a regular 
rhythm have a good prognosis. And those with failure of the left 
ventricle have a better outlook than those with the combined type 
of failure. 

What the relationship is between the normal rate and the high inci- 
dence of uremic deaths, if any does exist, is a question which remains 
to be explained. It is entirely possible that passix'e congestion and 
edema of the kidneys alone are sufBcient to interfere with the extrac- 
tion and filtration of the end-products of nitrogen metabolism. 
Hoivever, it is the force and not the frequency of the heart stroke, 
working on the principle of a pump, that maintains an adequate 
circulation. When the force of each beat fails to conx’ey the blood 
properly, the beats usually increase and a tachycardia further goads 
the already laboring heart on to failure. In these cases with a nor- 
mal rate, only the force of the stroke is decreased and for some 
unexplainable reason an increase in rate does not occur. As long 
as the rate is normal the blood supply to the heart muscle itself 
remains adequate. In all other cases of hypertensive heart failure, 
especially those with sinus tachycardia or auricular fibrillation, the 
main cause of death is congestive heart failure. Altliough it may 
not explain why the rate remains normal, it is possible to assume 
the following: when the rate is normal, there is no interference with 
the blood supply to the heart itself; therefore, the heart muscle does 
not develop any anoxic areas which lead to a more rapid rate, regu- 
lar or irregular, in the struggle to bring more blood, and with it 
more oxygen, to the suffocating hypertrophied heart muscle. 

Finally, the question is often raised as to whether digitalis is 
really needed to reestablish compensation in heart failure with 
normal rhythm. Such an interrogation may be answered simply. 
A few decompensated patients with normal rhythm recoi'er without 
any digitalis, and a few die in spite of adequate digitalis therapy, 
but in the main the drug reestablishes compensation and returns to 
usefulness at least 77% of the hypertensive heart failures with a 
normal rate and a regular rhythm. 

Summary. 1 . The study of 1 GO cases of hypertensive heart failure 
with a normal rate and a regular rhythm is reported. 

2. The age of the patient and the duration of the .symptoms be- 
fore treatment with digitalis .apparently had no influence on the 
outcome. 
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3. Of all the hypertensive patients who develop congestive heart 
failure, those with isolated failure of the left ventricle, a normal 
heart rate, and a regular rhythm have the best prognosis. 

4. Factors over which digitalis itself had no control, such as 
uremia, coronary thrombosis, and cerebral hemorrhage, caused 
22 (64%) of the 37 deaths in this series of 160 cases. 

5. Treatment with digitalis may be regarded as most successful 
in these decompensated hypertensive patients, despite the normal 
rate and the regular rhythm. 

The digitalis pj-epai-ations used in this study were geneiousiy supplied by Parke, 
Davis & Co., and Ciba Pharmaceutical Products, Inc. 

REFERENCES. 

1. Christian, H. A.: (a) Am. J. Med. Sci., 157, 593, 1919; (5) Med. Clin. 

North America, 5, 1173, 1922. 

2. Evans, W.; Brit. Heart J., 2, 51, 1940. 

3. Flaxman, N.: (a) Arch. Int. Med., 65, 595, 1940; (5) Ann. Int. Med., 10, 

748, 1936; (c) J. Am. Med. Assn., 108, 797, 1937; (d) Intcrnat. Clin., 1, 25, 1941; (e) 
J. Lab. and Clin. Med., 26, 1891, 1941; (/) Hypertensive Heart Disease of 10 to 
20 Years’ Duration, Ann. Int. Med. 15, 821, 1941; (g) Bull. Hist. Med., 9, 505, 
1941; (h) Clinical Value of Digitalis in Hypertensive Heart Failure: ll. With Sinus 
Tachycardia Am. J. Med. Sci., 203, 747, 1942. 

4. Gold, H., and Cattell, M.: Arch. Int. Med., 65, 263, 1940. 

5. Harrison, T. R.: Failure of the Circulation, 2d ed., Baltimore, Williams & 
Wilkins Company, p. 386, 1939. 

6. Janewav, T. C.; Arch. Int. Med., 13. 361, 1914. 

7. Luten, D.: (a) The Clinical Use of Digitalis, Springfield, 111., Charles C 
Thomas, p. 4, 1930; (b) Ibid., p. 80. 

8. Pratt, J. H.: J. Am. Med. As.sn., 71, 618, 1918. 

9. Stewart, H. J., Deitrick, .1. E., Crane, N. F., and Wheeler, C. H.: Arch. 
Int. Med., 62, 569, 1938. 

10. Wood, P.: Brit. Heart J., 2, 132, 1940. 


CLINICAL VALUE OF DIGITALIS IN HYPERTENSIVE HEART 

FAILURE. 

n. With Sinus Tachycardia. 

By Nathan PY.a.xman, hl.D., 

CLINICAL ASSOCIATE IN MEDICINE, LOYOLA UNIVERSITY MEDICAL SCHOOL; ASSOCIATE 
ATTENDING PHY.SICIAN, COOK COUNTY' HOSPIT.YL, CHICAGO, ILL. 

(From the Department of Medicine, Loyola University School of Medicine, the 
Columbus Hospital and the Cook County Hospital Service of Dr. Harry J. Isaacs.) 

Among hypertensive, patients who develop heart failure, the 
largest group is composed of those who have a rapid, regular cardiac 
rate of 100 to 1 60 beats per minute.-® Such cases constitute approxi- 
mately 28% of all hypertensive heart failures, followed by auricular 
fibrillation in 25%, and a normal sinus rhythm in 24%. The mor- 
tality among these hypertensives with sinus tachycardia was 
39.2 %.2“ Except for those with A-V nodal rhythm,=‘ which has a 
mortality of 50%, the hypertensives with a rapid, regular rhY'thm 
have the highest fatality rate. It was 20% higher than the mor- 
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tality among the hypertensive heart failures with a normal, regular 
rate of 60 to 99 beats per minute. 

The symptoms of the majority of these patients have an alarming 
onset. Usually, an upper respiratorj’^ infection, followed by a cough 
of a week to 10 days’ duration, precipitated the acute onset of dysp- 
nea and precordial distress. It was not unusual to have such a 
hj'pertensive patient walk slowly into the office, considerably un- 
nerved because of the rapid onset of dyspnea within a short period 
of time. In addition to the dyspnea and precordial or epigastric 
distress, many complained also of palpitation and weakness. Fre- 
quently the onset came abruptly at night, or following a heavy 
evening meal, and was characterized by an attack of paroxysmal 
nocturnal dyspnea, or cardiac asthma, or Chejme-Stokes respiration. 

Physical examination in these hypertensives revealed an enlarged, 
rapidly beating heart, a rapid regular pulse, and fluid in the lungs, 
ranging from crepitant rales in one or both bases to acute pulmonary 
edema, depending on the rapidity and severity of the myocardial 
failure. This abruptness of failure of the left ventricle appeared 
extremely serious. If the right side of the heart failed, and it 
followed shortly after the failure or occurred at the same time in 
72 . 5 % of the patients, then an enlarged liver and edema became 
apparent. Such an alarming onset was in contrast to that of 
hypertensive heart failure with a normal rate and a regular rhythm, 
where the symptoms appeared gradually, and the sudden, severe 
manifestations of myocardial insufficiency were uncommon.-' 

Because of the differences not only in the onset but also in the rate, 
this study is based on the analysis of 160 cases of hj-pertensive heart 
failure with rapid, regular rhythm. Of this group, 72% were males 
and 2S% were females. Their ages varied from 31 to 67 years 
(Table 1), and 77.9% were in the hypertensive age of 40 to 60 years. 
Among all hypertensive patients 78.8% were in the same age 
groups^'' among those with a normal sinus rhythm, 78.1 %;^'and in 
158 cases with auricular fibrillation, 77.1 %.-' 

Table 1.— Distihbl'Tion or Cases Accobwng to -Vge a.nc Sex. 


Arcs. Male. Female. Total. %. 

31-40 1C 5 21 14.1 

41-50 42 24 CO 41.1 

51-00 40 13 59 30. S 

01-07 11 3 14 SO 


Totitls 115 45 100 100.0 


Dttwfion of hi Jlehtiion to Outcome. iMany had been 

under observation or treatment bccau.se of the e.ssential hyper- 
tension or other conditions. However, in regard to the duration of 
symptoms before treatment was started, the mortality did not vary 
enough to be of any significance (Table 2). 
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Table 2. — Duration of Symptoms in Relation to the Mortality. 


Duration. 

No. of caso.s. 

Mortality 

(%). 

1 mo. or less 

40 

27.5 

1 to 2 mos 

31 

32.0 

2 to 4 “ 

11 

27.0 

4 to 6 “ . . . . . . . 

18 

33.0 

6 mos. to 1 yr 

30 

40.0 

1 to 2 JTS . 

13 

30.0 

2 to 5 yrs 

13 

23.0 

Oecr 5 yrs 

4 

0.0 

Totals 

100 

30.0 


Tyj)c of Heart Failure. The type of hypertensive heart failure has 
been shown to ha^^e prognostic vaJue.^-^ In this study, where the 
combined type of right- and left-sided ventricular failure occurred 
in 72.5% and isolated failure of the left ventricle in 27.5%, it was 
very apparent. Table 3 indicates that 44 (37.7 %) of the 116 patients 
with combined failure died, while in the 44 with failure of the left 
side only 5 (11.3%) expired while under treatment. 


Table .3. — Types of Heart Failure in Relation to the Mortality. 


Type, 

Incidence 

(%). 

Cases. 

Deaths. 

Mortality 

(%). 

Combined . 

. . . 72.5 

116 

44 

37.7 

Left 

. . . 27.5 

44 

5 

11.3 

Totals . . . . 

. . . 100.0 

160 

49 

30.0 


Duration of Decompensation. The length of time requiVed to re- 
establish compensation in these patients appeared to influence the 
prognosis. Up to 6 weeks after treatment with digitalis was started, 
the mortality was about the same (Table 4). After that period, if 
the decompensation still persisted in spite of adequate treatment, 
the prognosis became increasingly worse. 


Table 4.— Duration of Decompensation After Beginning Digitalis in 
Relation to the Mortality. 


mortality 

Duration. No. of ca.ses. (%). 

2 wks. or less 73 26.0 

3 “ 23 26.0 

4 “ 23 26.0 

6 “ 15 27.0 

8 “ 12 39.0 

12 “ 6 50.0 

16 “ , . . 7 71.0 

20 “ . 1 100.0 


Causes of Death. Conge.stive heart failure was the common cause 
of death (Table 5). All of the deaths due to this controllable factor 
occurred in patients who had the combined type of failure on presen- 
tation. Many of them had apparently dissipated the major portion 
of their cardiac reserve before the alarming symptoms came on so 
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limiod disregard ol' siieli ondnons signs oF lieart i'ailure aceoniits 
for tlie liigh inortality. 

The essential drug used in these eases, digitalis, exeereises an 
action upon the i-entricular muscle which is beneficial indepen- 
dently of any particular cardiac mechanism, and altogether aside 
from any effect on rate.“ When the drug is administered to these 
patients ivitli normal rhythm it is especially important to keep 
clearly in mind the object of therapy, which is the reestablishment 
and maintenance of compensation. Direct slowing of the cardiac 
rate should not be the goal or harmful consequences may ensue. 
Successful digitalization is best indicated by freedom from symp- 
toms and signs of heart failure, not by the actual cardiac rate.^ 
Although a fall in pulse rate is usually associated with improvement 
from digitalis therapy, it is not essential.^ When the cardiac 
rhythm is regular the fact that the rate is rapid is no proof that the 
lieart can stand more digitalis. In some cases the question whether ' 
more or less digitalis is needed is one that can be ascertained only 
through trial and error, for the main point is whether the clinical 
condition impro^•es with one type of regimen or another.'* 

Summary. 1 . The study of 100 cases of hypertensive heart failure 
with sinus tachycardia is reported. 

2. The cardiac rate is imjiortant as a prognostic sign, because the 
mortality among these patients, with the exception of A-V nodal 
rhythm, was the highest of all groups of hypertensives. 

3. Exempted were those with isolated failure of the left ventricle 
where the mortality, due chiefly to coronary thrombosis, was only 
11.3%, as compared with a mortality of 37.7% among those with 
the combined type of ventricular failure. 

4. Congestive heart failure, the factor controllable by digitalis, 
was responsible for 34 (69%) of the 49 deaths, but all of these 
were in patients who had the combined type of failure before the 
treatment was started. 

5. Digitalis was administered to these hypertensive patients wdth 
rapid, regular cardiac rhythm not for its action on the rate, but to 
relieve the symptoms and signs of heart failure, which it did success- 
fully in 70% of the patients. 

The digitalis preparations used in this study were generously supplied by the 
Ciba Pharmaceutical Products, Inc., and Parke, Davis & Co. 
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the rigidity is cinisod ])y lesions in Mic jjoslerior purl..” d’lircn forms of 
J’arkiiisoiiism must, he difTorontiaU'd: iwstoncephalil.ie, arteriosclerotic, 
and paralj'sis agitans. 

The author recognizes the following as charaeteristic of the postencephal- 
itic fonn: an acute stage of epidemic encephalitis; intensive akinesia and 
deficiency of mimic and reactive movements; frequent absence of tremor; 
absence or infrequent apjoearance of pill rolling; salivation; oily skin; 
siipplementaiy complications, such as ])aresis of e 3 '^e muscles, oculogyric 
crisis; sleepiness or sleeplessness; more pronounced motor disorders than in 
paral 3 ’^sis agitans; remarkable improvement vdth the Bulgarian treatment. 

Histor 3 ^ of the Bulgarian treatment of this disease touches romance. 
Some 15 3 mars ago, continental Europe was surprised at rumors telling of 
.successes obtained with the secret remed 3 '' emplo 3 md 1 ) 3 ’’ a layman, named 
Eaeff. Then, through research work inspired 1)3’- the Queen of Italy, the 
product and its method of use -were revealed. 

After considering the other methods of treatment, the writer describes 
the use of his remed 3 ’’, “Bulgkaur,” which is a standardized total extract 
from the Bulgarian belladonna root, of proper age and gathered at the 
proper time. As a rule, treatment is begun with a drop a day, and is in- 
creased to from 15 to 25 droj)s, 3 times a da 3 ^ Patients showing rigidit 3 ^ 
usually require larger doses than subjects with tremor. The side effects 
are similar to those of atro])ine, but appear later and are milder. An impor- 
tant adjunct to treatment includes plysical e.vercises, massage, calisthenics, 
the use of .splints, and so on. The course is long, difficult, and calls for the 
utmost patience on the part of both subject and instructor. There are 
numerous contraindications. 

Gratified with the results of his treatment, the author tells of long bed- 
ridden subjects displa 3 dng marked improvement; and from the social 
viewpoint of his 837 patients, “ 71 per cent of all cases succeeded in returning 
to work.” The bibliogra])h 3 '- covers more than 23 pages. N. Y. 


LAnORATORY DIAGNOSIS OF PROTOZOAN DISEASES. By CHARLES FraNKLIN 
Craig, M.D., M.A. (Hon.), F.A.C.S., F.A.C.P., Colonel, United States 
Army Medical Corps, Retired. D.S.M. Emeritus Rrofessor of Tropical 
Medicine, Medical School, Tulanc University, etc. Pp. 349; 54 illustra- 
tions, and 4 colored plates. Philadelphia: Lea & Febiger, 1942. Price, 
84.50. 

This liook adequate^ describes all forms of protozoa that are parasites 
of man, and gives detailed instructions for collecting and examining feces, 
l)lood, cerebrospinal fluid and tissues for these organisms. Staining methods, 
cultivation and animal inoculation also receive careful attention. A con- 
siderable bibliography, over 8 pages, is appended. Subjects and authors 
are indexed separately. The author has given a large part of an active 
life to the stud 3 '' of parasitic diseases, especially those due to protozoa. No 
one is better fitted to compile this critical review of the various laboratory 
methods that have lieen advocated for the diagnosis of protozoan infections. 

I-I. R. 


^^^AaAM Henry Welch and the Heroic Age of American Medicine. 
By Simon Flexner and James Thomas Flexner. Pp. 539; illustrated. 
AewYork: The Viking Pres.s, 1941. Price, $3.75. 
liiis book may be read with equal interest and enjo 3 nnent by laymen 
and doctors. It is the story of a great American and of a great epoch. 
?^an has more profoundly influenced American medicine than Dr. 
Ilham Henry Welch, the “Pop.sy Welch” of Hopkins who became a legend 
"•hile .still hale and hearty. 

vor.. 203, NO. MAV, 1042 25 
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which the Flexners, father and son, have given in their book. To those 
who had not known Dr. Welch in the flesh, there will. take form, as the 
pages are turned, a friendly, tolerant, genial, fun-loving, very human, 
learned and wise man to whom we all owe much; and those who were so 
fortunate as to have known Dr. Welch, hov'ever, slightly, will love him 
the more for this stoiy. B. L. 


PsYCHIATEY IN MeDICAL EDUCATION. By FuANKLIN G. EbAUGH, M.D., 
Professor of Psj’'chiatiy, University of Colorado School of Medicine; 
Director, Colorado Ps 3 '^chopathic Hospital, and Division of Psychiatric 
Education, National Committee for Mental Hj'^giene, and Charles A. 
RnuER, M.D., Associate Professor of Psj'-chiatry, University of Colorado 
School of Medicine; Assistant Director, Colorado Ps 3 "chopathic Hospital. 
Pp. 619; illustrated. New York: The Commonwealth Fund, 1942. 
Price, Sl50. 

There is discussion in this book that can be valuable to any dean or 
any teacher who is engaged in fitting a medical curriculum to students’ 
needs. In its e.\amination of the failures and successes of ps 3 ’-chiatric teach- 
ing it reaches medical education in general. 

The material consists of the records of a surve 3 ^ of 68 medical schools 
in 1932 and questionnaires which have brought these records up to date. 
The authors have given this material good editing but also have put in their 
own personal experience, judgment and suggestions so that the book has life. 

Premedical college v'ork gets little praise, because of its failure to give 
the student a conception of a patient who is always affected by the society 
about him— -of a patient who is a person. There is a downright denunciation 
of courses in abnormal ps 3 ’’chology in colleges. 

In the medical schools the authors discuss departmentalism, the selection 
of medical students, teaching techniques, the general situation of the 
students, the fact that a medical faculty "abhors a vacant hour in the 
curriculum as nature abhors a vacuum. ” 

Even the chapters on the teaching of ps 3 ’^chiatry have a general interest 
because they give the opinions of surgeons, internists, pediatricians and 
students about the place of psychiatr 3 '- and because liaison with other medical 
teaching is emphasized. The, authors .see the teaching and clinical facilities 
of psychiatry as often inadequate, and they divide the blame fairly. There 
IS a full discussion of psychiatr 3 '- in the general hospital. 

E. B. 


The Doctors Mayo. By Helen Clapbsattle. Pp. 822; illustrated. 

Minneapolis: The University of Minnesota Press, 1941. Price, $3.75. 

Never in the history of this country, perhaps even of the world, have 
two brothers, starting so modestly, attained such proficiency and promi- 
nence in the medical profession and collaborated in using this prominence 
so constructively in forwarding medical science and practice. The story of 
such a remarkable achievement is necessarily an enthralling one, and 
Miss Clapesattle, the historian and editor of the Minnesota Press, has 
niMe good use of the free access she has had to a rich source material. 

From the time that William Worrall Mayo, "The Old Doctor,” left 
f ® in 1845, to the death of his more famous sons — within 2 months 
ot each other — in 1939, the family stoty is unrolled — the father’s pliaxi : ' , 
qa 3 ^ at Bellevue, his pioneer and Civil War da 3 '-s in IV ' ■ ■ ‘ , his dc ^ 
in Rochester, the c 3 ’^clone of 1883 that brought toge*^ actor fi 

lister who .started tlie beginnings of the great Meih interna 

lecognition, and the Foundation that ensured coi f the n 

laming center for future generations. Each ig si 
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his own field, the brothers were among the first to realize the imjjortance of 
cooperation in medicine and were successful in gathering good men to work 
with them. It is the brothers who dominate the book, however, and the 
human touch with them has been presented with frequent glimpses of per- 
sonal characteristics and anecdotes. 

The illustrations would illustrate better if they were not rather awkwardly 
gathered into four groups, presumably for binding purposes. The study 
is unusually well documented with 83 pages of bibliographic notes and i's 
adequately indexed. It has obviou.sly been prepared with great care; 
and yet, perhaps because of the tremendous prepublication publicity by 
advertisement, colored postcards and news releases, one laj's it down 
without the feeling of satisfaction that had been anticipated. It is a praise- 
worthy but not a great biography; and more valuable as an authoritative 
record than a- 't-iry. But how often should one expect 

a Cushing's i;i (."t- i i-'.'.e;.:!-*.;:'' E. K. 


The Blood Bank and the Technique and Thekapeutics of Than.s- 
FusiONS. By Robeut A. Kilduffe, A.B., A.M., M.D., F.A.S.C.P., 
Director, Laboratories, Atlantic City Hospital; City Bacteriologist, 
Atlantic City; Serologist, Municipal Hospital for Contagious Diseases, 
Atlantic City; etc,, and Michael DeBakey, B.S., M.D., M.S., F.A.C.S., 
Assistant Professor of Surgerjq School of Medicine, Tulane University of 
Louisiana; Visiting Surgeon, Charity Hospital, Touro Infinnarjq and 
Mercy Hospital, New Orleans, etc. Pp. 558; 214 illustrations. St. Ijouis; 
The C. V, Mosby Company, 1942. Price, 87.50. 

This book covers the entire field of transfusion, including the most recent 
innovations, such as the use of plasma and serum. The search of original 
sources has been most thorough, and the bibliography itself is veiy valuable. 
This presentation has avoided the superficialness of some textbooks. The 
Reviewer commends particularlj'- its wealth of small but essential detail, 
and its eniphasis on the need for a meticulous technique and a conservative 
attitude, 'essential for patient safety. The book maj' be warmly recom- 
mended to those concerned with an}' phase of transfusion from donor 
.selection to the clinical use of whole blood and plasma. W. B. 


Physical Medicine. The Employment of Physical Agents for Diagno.sis 
and Therapy. By Frank H. Krusen, M.D., F.A.C.P., Associate Pro- 
fessor of Physical Medicine, The Mayo Foundation, University of Minne- 
sota; Head of the Section on Physical Therapy, The Mayo Clinic, etc. 
Pp. 84G; 351 illustrations. Philadelphia; W. B. Saunders Company, 
1941. Price, 810.00. 

Thls is a welcomed edition to the textbooks on this important and growing 
subject. The author has carried out a definite plan which includes tiie 
))hysics, method of production, physiologic effects, technique, indications 
and contraindications of eacli .subject. Thi.s makes a verj’ effective and 
complete covering of each suiiject considered and enable.s the physician to 
obtain the desired information without having to digest too mucli extraneous 
material. Each subject is also covered by a full reference to literature and 
the opinion of various authorities on the subject. As the opinion.s arc at 
times directly oiiposed, there is a tendency for one to become confused if 
he venturc-s too far into the resume of tlie literature. For those who w.ant U> 
jiumue tiie subject, if eonslifufes a very valiiaiiii' source of information. 

.Xrtificial I'ever is covered in a very complete and coinage immner and 
iinsimts a moilern concept of the entire subject of hwer therapy in a very 
practical way. This is one of the best features of the bijok. Various type- 
of electrotherapy are very clearly discussed and their indications and 
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technique properl}’' descril^ed. Of particular value are the chai^ters on 
Diathermj" where the author has assumed a verj’- sensible attitude without 
dogmatic statements. The use of diathenny in diseases of various parts of 
the bod 3 MS discussed but unfortunatel}'^ the directions as to technique is not 
definite enough to enable the beginner to employ these methods intelli- 
gentl}". The chaj)ters on Hydrotherapy and hlechanotherapy fill a veiy 
valuable place as these are subjects which are all too frequently neglected 
and information on their use is onl}’- to be found in specialized textbooks. 
Inasmuch as they should be associated with the use of Ph 3 "sical Therap}’-, 
it is a very valuable thing to have them so well covered b}" a textbook of 
this t 3 ''pe. 

The seventh chapter of the textbook dealing with the clinical a.spect of 
ph 3 'sical medicine discusses its use in the various specialties and is princi- 
pall}' a quotation of the opinion of Amrious authors on the use of Ph 3 ^sical 
Therapy in these various sjiecialties. The chapter is ver}-- valuable to one 
who is well versed in jjh 3 'sical therap}'^ but for the beginner there is too much 
of a tendenc}’’ to confuse the i.ssue as no definite statements are made as 
to the author’s stand on the Amrious .subjects. 

In general, the book fills a long-felt need and will be of great Amlue to the 
})resent practitioner as Avell as to the beginner in the use of Ph 3 ^sical Therap}^. 

W. S. 


From Inf.a.nca' through Childhood. B}' Louis W. Sauer, M.D., Ph.D., 

Assistant Professor of Pediatrics, Northwestern UniAmrsit}'^ Medical 

School, Chicago; Plysician, EAmnston Hospital, EA'^anston, etc. Pp. 200; 

13 illustrations. New York: Harper & Brothers, 1942. Price, S2.00. 

This Amlume, in size and content, can be classified as a pocket manual 
or guide book to child-bearing and child-rearing. In a simple and condensed 
manner it coA'ers, in a practical Ava}’-, the more common problems presented 
by the prenatal period, a discu.s.sion of breast and bottle feeding, and a 
r(isum4 of Autaniin requirements and balanced diets. 

The physical and mental health of the infant and growing child are 
briefly considered, as Avell as the more common diseases of childhood. 

A chapter is dcAmted to the special problems of the premature infant, 
and another to the adopted child. In an appendix is included the more 
frequent accidents that may befall the child, and a list of poisons and 
antidotes. 

The author does not intend that the book be more than a practical 
guide to be used in conjunction Avdth, not instead of, direct medical super- 
vision. As such, the Amlume is well composed, and so Avritten as to be 
readity comprehended by the aAmrage mother. M. C. 


HiABE'rEs MELLrru.s. By Zol'ton T. Wirtschaf'per, M.D. and Morton 
Korenberg, M.D. Pp. 186.- Baltimore: The Williams & Wilkins 
Company, 1942. Price, 82..50. 

This book of 13 concise and clearly Avritten chajjters, has been AA'ritten, 
according to the authors’ preface, for the information of those AAdio AA'ish 
to understand the abnormal processes AA'hich underlie diabetes and AALat 
naay be accomplished in the AA'ay of treatment. It is in no sense a textbook 
iroin AA'hich details of treatment ma}'' be obtained. One of the valuable 
[catures of the book is a bibliograph}’’ of oA'er 300 scientific articles A\hich 
Ricliido.s the most important literature of recent 3'oar.s on the subject of 
nmlietes. q'ho book is well indexed .so that subjects are easil}' found. 
I RC readiufv easy, lint one might aa-LsIi that the authors had treated the 
, on vitamins and endocrines more fulliL However, the book is a 

valuable contribution to the literature on diabetes. R, R. 
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NEW BOOIvS. 

The Struclure of Protoplasin—A Monograph of the American Society of 
Plant Ph 3 'siologists. By William Seifriz. Pp. 283; illustrated. Ames: 
Iowa State College Press, 1942. 

Surgery of the Ambulatory Patient. Bj" L. Kraer Ferguson, A.B., M.D., 
F.A.C.S., Lieut.-Commander, Medical Corps, U. S. Naval Resen^e; 
Assistant Professor of Surger}’-, Universit}’- of Pennsylvania, etc. With 
A Section on Fractures by Louis Kaplan, A.B., M.D,, F.A.C.S., Asso- 
ciate in Surgery, University of Pennsjdvania. Pp. 923; 645 illustrations. 
Philadelphia: J. B. Lippincott Compan 3 '-, 1942. Price, 810.00. 

The Conquest of Bactei'ia— From Salvarsan to SulphapjTidin. Bj'^ F. Sher- 
wood Taylor. Foreword by Henry E. Sigerist. Pp. 175. New 
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WHAT THE U. S, PHARMACOPOEIA XII MEANS TO 
THE PHYSICIAN. 

Believing that every physician owes it to himself and to his patients 
to keep fully informed in the field of therapeutics, the editors are of 
the opinion that tliis department can serve its readers best by discussing 
the forthcoming Pharmacopoeia of the United States, U.S.P. XII. 
Unfortunately, the majority of physicians seem to know little or nothing 
about this great compendium which makes it possible for them to treat 
their patients safely and as skilfully as their therapeutic knowledge 
permits. The United States Pharmacopoeial Convention of 1940 
adopted 26 general principles to govern tlie work of revision the first 
of Avhich is: “The object of the Pharmacopa?ia is to provide standards 
for drugs and medicines of therapeutic usefulness or pharmaceutic 
necessity, sufficiently used in medical practice within the United States 
or its possessions; to lay down tests for the identity, quality, and purity 
of these; to insure, so far as practicable, uniformity in physical proper- 
ties and active constituents. It is recommended that the Committee 
of Revision be authorized to admit into the Pharmacopoeia a carefully 
selected list of medicinal substances of known origin, but no substance 
or combination of substances shall be introduced if either the compo- 
sition or mode of manufacture thereof be kept secret.” This defines 
clearly the purpose of the volume and specifically limits its scope. 
Congress, by the terms of the Food, Drug and Cosmetic Act establishes 
each revision as the law of the land with reference to the substances 
described therein and which thereafter are termed “Official.” The 
U-B.P. thus provides authoritatiY''e]y a selected list of substances and 
tneir preparations which are of definitely established therapeutic value 
in the light of the best current scientific knowledge. It then seeks to 
cstnlilish all workalile means to insure to botli physician and patient 
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(!icsc()(!id;il afjciifK shall In'orimironii purily and sfaiulanl polnicv. 

live process ot revision is a tsisk ol inr {greater magnitude and diffi- 
culty than can well be appreciated by anyone M'ho has not participated. 
It is performed under the direction of the Committee of Revision made 
up of about 50 recognized experts elected by the Convention from those 
who are willing and are best qualified to serve. This group represent.s 
almost every special field covered by the Pharmacopoeia, including 
Medicine, Pharmacy, Pharmacology,- Chemistry, Physiology, Bio- 
chemistry and many of the fields allied with each. It is aided by sub- 
committees, special advisory boards and other groups of authorities on 
particular topics or in special fields such as the hormones, anti-anemia 
preparations, etc., even reaching so far as to include problems of pack- 
aging of drugs to prevent change or deterioration during storage. As 
an illustration, considerable research was required to determine the 
composition, color and thickness of glass to permit the establishment 
of proper specifications for bottles, ampoules and similar containers. 
Even the service.s of statisticians have been utilized in the further 
perfection of assay methods. In brief, there are few branches of modern 
scientific knowledge which har'e not been called upon to participate in 
the preparation of the forthcoming I'.S.P. XII. 

The selection of agents on the basis of therapeutic usefulness, or the 
rejection of others, is entrusted to a group of medical authorities and 
teachers who compose the Sub-committee on Scope. This committee 
is empowered to secure help and advice from any available source so 
that its final selections, while doubtless not perfect, are certainly repre- 
sentative of the best current scientific judgment. The Committee on 
Scope has tried to evaluate both the agents themseh-es and such prepa- 
rations of them as are made available and has endeavored to restrict 


inclusion of preparations to those proved therapeutically most useful 
and satisfactory. In so doing the range of preparations or even of 
similar agents has been made wide enough to meet all medical needs. 
For example the group of hypnotics extends from those whose actions 
are rapid to those which act slowly; from those having relatively brief 
action to those which act for many hours; from those which may be 
administered by mouth to those which may i)e used parenterally, etc. 
Tlic patient’s requirements thus can Ire met if his physician knows 
both his therapeutics and his Pharmacopoeia. The practitioner failing 
to find in the Pharmacopoeia a drug which he has prei'iously prescribed 
would do well to restrain any feelings of resentment until he has made 
certain that the official drugs will not serve him and his patient quite 
as well, or probably even better than his old favorite or one that is 
not official. 


As a result of studied and scientific limitation both of drugs admitted 
and of the numirer of preparations of any single drug or, therapeutic class 
of drugs the Pharmacopeia does much to simplify the physician’s task 
of prescribing. Furthermore, complex mixtures arc not included. Of 
course the prescriiier is left entirely to his own medical judgment m 
his use of the drugs. He may prescribe them singly or in any combina- 
tion which appears to him most .suitable. In effecting combinations 
the physician has access in the text to information wiiich will enable 
him to' avoid incompatibilities of chemical and physical nature. T he 
dc.srriptinn of each drug states its important physical properties, its 
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eheinical composition, solubility and any other characteristics which 
may influence its use in prescriptions. 

■ Pleasant vehicles are described, along with their formuhe. With 
accurate knowledge of the drug tlius at- hand an appropriate vehicle 
may be chosen. But the U.S.P. XII goes even further and offers 
tablets, capsules and other dosage forms for many drugs. It even sets 
standards and specifies suitable menstrua for the solution or suspension 
of drugs which may be administered parenterally and recommends 
appropriate eoncentrations of the contained drug. It has been urged 
that the monographs which make up the major part of the volume, so 
far as it interests physicians, should include suggestions and recom- 
mendations regarding the therapeutic usefulness of each drug, or at 
least of those of recent introduction. This idea wisely lias been re- 
jected as outside the scope of a book of descriptions, standards and 
tests to insure constancy of therapeutic agents. Therapeutic usefulness 
of a drug is a matter of pharmacopoeial concern only so far as it bears 
upon the problem of inclusion of a drug in the Pharmacopoeia. Beyond 
that the therapeutic responsiljility of the Revision Committee ends. 

The Committee of Revision has established and stated average doses 
for substances intended for therapeutic purposes in conformity Avdth a 
resolution of the Convention; “to state, where feasible, the average 
(neither minimum nor ma.ximum) dose for adults, and, where deemed 
advisable, also for children. The term ‘average dose’ is to ))e inter- 
preted as the dose which might reasonably be expected to produce the 
therapeutic effect for which the substance is most commonly employed.” 
It is further stated expressly that these doses are not binding upon the 
phj'sician who may exceed them whenever Ihs judgment renders that 
advisable. Again the Convention has intentionally avoided an impor- 
tant therapeutic problem which is exclusively for the physician to 
solve for each individual patient. The statement of dose is made 
solely as a guide to the best accumulated experience and wholly without 
any implied recommendation. The doses were determined by vote of 
a large number of recognized authorities, and in some instances advice 
M'as obtained from the members of the special board concerned, such 
as the Anti-anemia Board, or the Hormone Board. The practitioner 
is thus guided axithoritatively yet left free to use his own best judgment. 

Potent remedies are made to conform, so far as is advisable, to inter- 
national standards as established by the International Protocol of 
Pharmacopoeial Experts. Wherever possible potency is based upon 
chemical methods of assay. There are many substances for which this 
IS not yet possible and for these some biologic method is required. 
A vast amount of study has been given to the final selection of the 
particular method so that it shall be the best available at the time of 
publication. More will be said on this subject later, but the medical 
profession owes much to the labors of the Sub-committee on Bio- 


assay which is responsible for choice of method, for its critical analysis 
and testing and for the detailed directions for its actual performance. 

These represent only a few illustrations of what the Pharmacopoeia 
rneans to the physician if he would but avail himself of its many ser- 
vices to bis dailj' needs. The j)riee of the new revision will presumably 
be higher than that charged for its predecessor,' to which doubtless 
there will be some objections, however unjustified they maj- be. The 
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fact is that the revenue from sales covers onlj^ a small fraction of the 
total cost of revision. Several hundred thousands of dollars have been 
spent on research alone, most of which has been contributed by manu- 
facturers, institutions of learning, government and other laboratories, 
etc., both in monej^ and in the form of facilities and the skill and labors 
of those who have graciously and faithfully devoted themselves to the 
many and often comple.v tasks Involved. A debt of profound gratitude 
is due to all who have so generously given of their funds and labors to 
make the volume as nearly perfect as possible. The price would be 
utterly prohibitive if it were based upon the actual costs of revision. 
Physicians can discharge this debt by making full use of the U.S.P. 
as a reference work of great value to them within daily practice. 

We may now turn from the general to the specific and comment upon 
particular aspects of the Pbarmacopoeia. 

Biologic Standardization. One of the most vital activities of pharma- 
copceial revision relates to the biologic standardization of drugs. Some 
of the most useful agents in the realm of tlierapeutics belong in this 
group. The5' are materials which vary in potency from batch to batch 
and for which there exist no chemical tests of potency. Without 
security that their strength is uniform, there is chaos in therapeutics. 

The problem involves the testing of materials on animals and adjust- 
ing the finislied product in such a manner that a given amount of 
different batclies will produce the same effect. The group of therapeutic 
agents in daily use which i-equires biologic standardization includes 
the following: digitalis and preparations related to it, ergot, epineph- 
rine, solution of posterior pituitary, parathyroid, insulin, estrogenic and 
pituitary materials, some of the vitamins, anti-anemia products (liver), 
serums and antito.xins. 

The magnitude of the problem of establishing suitable methods of 
biologic standardization is not generally appreciated by the practising 
physician, although he may be fully aware of its importance. Animals 
tliat are used for standardization, like humans, var}' in their sensitive- 
ness to drugs. Even the average response for a group of animals may 
differ from the average response for another group tested under some- 
what different conditions and by different hio-assayists. Furthermore, 
not all species of animals behave alike in response to certain drugs. 
For example, when preparations of digitalis are compared in the frog 
one often obtains results which are different from the results obtained 
in a similar comparison irsing cats. The selection of the most appro- 
priate method is one of the major problems, since for most proiluct-s 
numerous methods are described in the scientific literature. An 
endeavor is made, by comparisons in humans, to select that animal 
method wliich gives results most nearly applicalile to humans. Some- 
times slight variations in the details of the technique will yield different 
results. The method needs to he described in such detail as to insure 
similar re.sults in the hands of hio-as.sayists in different parts of the 
country. The Pharmucopeeia has the effect of law. The mctliod^ nm.st 
he so devi.scd and described that difl'crent mamifaclnrers of similar 
prodiict.s may feel secure that they eomjdy with the standanl rccpiire- 
ments of the Pliarmaeopa'ia since they are liai>ie to prosecution if a 
])roduct, labeled “U.S.P..” fails on ree.xamination to comply .strictly 
with its standard. The Pharmacopoeia takes every measure available 
to insure uniformity of a product. Animal studies have shown that 
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tlie most uniform results are obtained if a product of commerce is com- 
pared will) a standard material a)ul tlic n'sult expressed in terms of the 
standard. The d’hannaeojxeia su])plies these standard materials to 
hio-assayists in the case of drujfs for which standard materials exist. 
The Pharmacopa'ia has availed itself of the developments in statistical 
methods of the analysis of data in biologic standardization. Such 
analyses not only enable the bio-assay ist to determine how potent a 
given material is in relation to the standard product, but to ascertain 
further the .reliability of the standardization, the degree of likelihood 
that a given result is correct and not accidental. If, in a given case, 
the index of reliability as established by the statistical device is too low, 
the Pharmacopoeia requires that the assay be repeated or improved. 
This technique has been applied to some of the biologic standardiza- 
tions. The use of statistical methods marks a great advance in the 
safeguards for insuring uniformity in the strength of the medicinal 
agents of pharmacopoeial status. 

Insulin. The properties -of insulin are such as to necessitate its most 
accurate and meticulous control. This has been exercised faithfully 
and efficiently by the Canadian owners of the patent. The recent 
expiration of the patent would have left the public unprotected against 
e.xploitation by careless or unscrupulous manufacturers and importers 
of the life-saving, yet potentially dangerous therapeutic agent, had 
this Revision Committee and the Board of Trustees of the U.S.P. not 
been alert to the situation. Insulin was made official in U.S.P, XI, 
the current Pharmacopoeia, by the issuance of an Interim Supplement 
to cover the period between the expiration of the patent and the publi- 
cation of the forthcoming twelfth revision, which will probably become 
official early in the autumn of 1942. By a special act of Congress the 
definition, description, strength, methods of assay, tests for purity, 
packaging and other details for control as given in the monograph 
contained in the supplement have become the law which will insure 
to physicians and the laity the future continued supply of a com- 
pletely trustworthy insulin. Without such action the governmental 
authorities would have been without legal standards for the protection 
of the public against really great risks. An act of Congress now 
requires that each lot of insulin manufactured here or imported shall 
be checked by the Food and Drug Administration before it is released 
for distribution. 

Digitalis. The twelfth revision of the Pharmacopoeia has made 
extensive changes under the subject of the digitalis materials, in line 
with scientific developments of recent years. It has extended the scope 
to include not only basic preparations, but certain dosage forms. It 
now describes Powdered Digitalis, Tincture of Digitalis, Digitalis Cap- 
sules and ’Digitalis Tablets for oral administration. It also includes 
several preparations for intravenous and intramuscular administration, 
namely, the Digitalis Injection which describes in effect the ampoule 
of the purified mixture of digitalis glycosides. In addition, there is 
described the Ouabain Injection and Strophanthin Injection, as sterile 
solutions of these purified glycosides for parenteral use. The Pharma- 
copoeia has therefore established standards for such a wide variety of 
preparations of digitalis materials as to meet every therapeutic need, 
t he inclusion of capsules and tablets in the Pharmacopoeia is a mattfer 
01 considerable importance. It is one thing to establish a standard 
or the basic material and another to maintain that standard when the 
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material is put up into capsules or tablets, since in these inaccuracies 
may appear ami the material may he altered by admixture with excipi- 
ents and other coiiesive materiais. The Pharmacopteia <iescrib('s tlie 
details of technitpies l)y which the potent prineijdes may be extracted 
from capsules and tablets for purposes of assay in order to insure that 
these dosage forms comply with the standard requirements. 

One of the most serious problems in the use of digitalis preparations 
of commerce is the great multitude of products and the wide variety 
of potencies among them. The twelfth revision of the Pharmacopeia 
has established new safeguards to insure uniform potency among all 
the digitalis materials of Pharmacopoeia! status. The frog method has 
been replaced by the cat method as the official method of biologic 
assay. The two methods have been found to give different results 
regarding the relative potency of digitalis preparations. Extensive 
clinical experience and special experiments in humans designed to test 
which results are more applicable to man showed that the frog method 
is often misleading, and that the results by the cat method more nearly 
represent the relative potency of any two preparations in humans. 
This change was not made lightly. A special committee comprising 
cardiologists, bio-assayists and pharmacologists was established to 
study the problem. A detailed description of the new assay method 
was not only written but tested in a series of collaborative assays 
involving a large number of laboratories throughout the United States 
and Canada. After numerous corrections made as the result of these 
experiences with the method, it was found to give extraordinarily uni- 
form results in the hands of different laboratories. In addition, a statis- 
tical device has been introduced ity which the Pharmacopoeia requires 
that the assayists not only secure an answer, but also an index of the 
likelihood that the answer is correct. 

The greatest uniformity in the strength of digitalis preparations is 
assured by assaydng these preparations against a standard material, the 
Digitalis Reference Standard of the Pharmacopoeia, and 0.1 gm. 
(14 gr.) of this digitalis power is defined by the Pharmacopteia as 
1 U.S.P. Unit. The standard powder is supplied by the Pharmacopoeia 
to those who standardize digitalis. The physician may then expect 
that if he administers 1 U.S.P. Unit of digitalis power, or of a tincture 
of digitalis, or of some water-soluble injectable solution, the effects of 
each in man will be identical, since each will represent the effect of 
one and the same thing, namely 0.1 gm. (Ul gr.) of the Digitalis Refer- 
ence Standard. The amount by weight or measure matters little. In 
1 case it might be 2 cc. of a solution, in another case 1 cc. What docs 
matter is that the same amount of potent material is administered, and 
this can be secured by dosage in terms of U.S.P. Units. For those who 
have been thinking in terms of cat units, it might be stated that 0.1 gm. 
(l’> gr.) of the U.S.P. Digitalis Reference Standarri or 1 U.S.P. knit 
will represent approximately 1.3 cat units. In the case of the solutioius 
of Ouabain and Strophanthin for parenteral administration, the dose 
of the drug is e.xpressed in milligrams, without reference to any unit, 
and both are assayed against the Ouabain Reference Standard of the 
Pharmacopa'ia, a pure crystalline material. 

There is little doubt that the changes which have been introtluccn 
into the forthcoming revision of the Pharmacopn-ia in relation to the 
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(iigilali.s iiiatt'rials will greatly simplify their use aiul assure for their 
application in man a degrc'e of nnilorm potency among market prepara- 
tions such as has not heen attaimal in the past. 

Ether, The Pharniaeopa'ia (le.scrihes two (pialities of other. One is 
called “Ether,” the other is called “Ethyl O.xide” or “Solvent Ether.” 
More rigorous tests for purity are applied in the case of “Ether,” since 
this is the only one to be used for the purpose of anesthesia. The artiele 
on anesthetie ether has in the past included a statement to the effect 
that ether to be used for anesthesia must be preserved only in small, 
well-closed containers, and is not to be used for this purpose if the 
original container has been opened longer than 24 hours. This caution 
was based on the belief that ether deteriorates very quickly when the 
container is opened, and under those conrlitions becomes unfit for 
anesthesia after 24 hours. The result of this requirement has been the 
purchase of ether by hospitals in very small containers of y or ^ pound. 
What remained unused for anesthesia was subsequently used for cleans- 
ing or solvent purposes. This was a very costly practice and one that 
resulted in great waste of highly purified anesthetic ether. 

The forthcoming I'.S.P. XII has revised this requirement. It allows 
ether to be used for anesthesia from containers with a capacity as large 
as 3 kg. Furthermore, it recognizes the fitness of the ether for anes- 
thesia even after the container has been opened for an indefinite period. 
It is no longer therefore nece.ssary to discard the costly anesthetic 
ether 24 hours after the container is opened. There is, however, the 
safeguard against deterioration in unsuitable containers in the require- 
ment that ether is not to be used for anesthesia if it has been removed 
from the original container longer than 24 hours. 

Scientific studies during the past several years have confirmed the 
fact that the metal containers in which anesthetic ether is supplied are 
of very high quality, that ether stored in them retains its purity indefi- 
nitely, and that in improperly prepared containers, deterioration is 
likelj^ to take place fairly rapidly. The more recent studies have also 
shown that anesthetic ether in the metal containers in which it is sup- 
plied retains its purity for weeks and months even if the metal seal is 
removed and the container stoppered with cork. Experience involving 
thousands of surgical cases now exists in which it was found that bulk 
ether removed from cans which had been opened many times and 
stoppered with cork during a period of months produces a quality of 
anesthesia that is indistingui.shable from that of the ether in a fre.shly 
opened can. 

The Pharmacopoeia has taken cognizance of these developments in 
Its revised standards for anesthetic ether. Several large hospitals in 
various parts of the United States are now using bulk ether for surgical 
anesthesia in this way. Anesthetic ether in bulk costs only about one- 
nfth as much as the same ether in the j pound containers, a very con- 
siderable saving, since the yearly consumption of anesthetic ether in 
the United States amounts to about .$1,000,000. This saving is accom- 
plished without the slightest compromise with the efficacy of the 
anesthesia or the safety of the patient. 

(lo he continued in the November issue.) 

Cary Eggleston, M.D. 

Harry Gold, M.D. 
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THE ROLE OF ROENTGENOLOGIC EXAMINATION IN 
DIAGNOSIS. 

Percy Broato,- in a review article, emphasizes the importance of 
the discovery of the Roentgen ray for the medical world. The ardent 
minds that first perceived in this new gift of physical science a latent 
promise to medicine seized on it eagerly and forthwith to adapt it as 
far as possible to clinical needs. 

Considering nasal sinusitis, Grier® has shovm that an antrum filled 
with pol^'poid tissue might exhibit the same image on the roentgeno- 
gram as one filled witli pus. The knowledge that polyps were present 
in the nose or that pus was draining from the antrum would enable the 
roentgenologist who interpreted the roentgenologic characters to make 
the diagnosis. He believes that the diagnosis can be accomplished 
best in routine practice by correlation of the data from the rhinologic 
and roentgenologic examinations m'th full understanding of the limita- 
tions of roentgenologic examination. In the field of diagnosis, what 
this author pointed out as a requisite in this particular field applies 
generally. Primary roentgenologic examination must always be re- 
garded as part of a cooperative effort, with mutual appreciation of the 
advantages and disadvantages of each indi\ndual method. IMierever 
such an arrangement has prevailed, devoid of exploitation of the 
advantages of the individual method by indiHduals, the most satis- 
factory results from the standpoint of the patient have been attained. 

The basic factor in the advantage of primary e.xamination with the 
aid of the Roentgen rays is exemplified in a statement of Graham® made 
in the discussion of the criteria of malignancy. He stated that all 
organs and tissues ha\'e an architectural plan which is looked on as 
being normal. Any deviation from this plan immediately raises the 
question of either a benign or malignant neoplastic process. Growth 
of the epithelial cells of the skin outward to form \’illus-like processes 
usually indicates a benign neoplasm; growth into the dermis or subcu- 
taneous fat usually indicates a malignant neoplasm. Similarly in the 
intestine growth into the lumen of pedunculated masses usually indi- 
cates a benign lesion; if into the submucous or muscular coats, usually 
a malignant. This architectural derangement can be depicted in the 
roentgenogram in many types of pathologic processes and nearly all 
the facts that Graham established as indicative of the nature of a lesion 
can be elicited in Roentgen e.xamination. He recognized the necesrity 
of correlation of the data of the physical and all other examinations 
with that of the pathologic study in the establishment of the ultimate 
diagnosis. The significant note of his presentation was that on the 
basis of accumulated e.xperience certain conclusions were accepted 
generally. 
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Another advantage of roentgenologic examination as an aid in 
diagnosis was pointed out by Rigler® in the report of a roentgenologic 
sign of pneumoperitoneum, hitherto not reported or at least not clearly 
defined. A definite outlining of the outer and inner parts of the intes- 
tinal wall by the accumulation of gas between the loops of the bowel 
might depict the first evidence of the presence of pneumoperitoneum 
in some cases in which such a condition Avas entirely unsuspected. 

In roentgenologic study of acute infections of the respiratory tract of 
children, Bouslog^ divided the respiratory traet at the lower end of the 
pharynx into upper and lower portions that have anatomic and physio- 
logic distinctions. While the mastoid processes do not aid in the 
preparation of the air for the lungs, they are directly connected with 
this upper part through tlie Eustachian tube; they were therefore 
included as a part of tins tract. The pharynx, he believed, had a 
specialized and distinct function which was chiefly mechanical, involv- 
ing the sphincter action of the glottis in governing the quantity and 
pressure of the intake of air. Physiologically, each division of the 
respiratory tract played a more or less independent role and had a 
somewhat dissimilar function to perform, but all functioned in harmony. 
Their chief use was to facilitate the passage of the air to the alveoli. 
The air Avas filtered and heated in the upper part of the respiratory 
traet to prepare it for oxygenation of the Iflood and distribution to the 
tissues concerned in this procedure. He pointed out that Mullin and 
Ryder had demonstrated the connection of the lymph drainage of the 
upper air passages and accessory sinuses Avith the lungs. He credited 
Pfahler Avith having demonstrated roentgenologically the lymph drain- 
age from the maxillary sinuses to the thoracic duct by injection of 
lipiodol into the maxillary sinuses. Bouslog Avas of the opinion that a 
study of the mastoids, sinuses and thorax of all patients having acute 
infections of the respiratory tract Avould not only elicit a better under- 
standing of the underlying pathologic processes, but also would give a 
better interpretation of the presenting signs and symptoms and thus 
permit intelligent treatment of such patients. With the belief that the 
mastoids and sinuses Avere involved more frequently than was generally 
realized, and the knoAvledge that a great majority of infants afflicted 
AAuth severe gastro-intestinal disturbances as the outstanding symptom 
also have accompanying foci of infection in the mastoids, he studied a 
series of cases of acute infection of one of the divisions of the respira- 
tory tract. 

The conclusions from this study AA'ere that frequently acute infections 
m some diAusion of the respiratory tract Avere more serious than the 
infection in another division Avhich had been regarded as the factor 
producing the symptoms. Early, accurate diagnosis of such infections 
and adequate treatment, Bouslog thought, might prevent the occur- 
rence of some of the chronic diseases of adult life. 

In an article on intrathoracic neurogenic tumors, Kornblum and 
BradshaAv^ brought out once more the value of Roentgen ray examina- 
tion of the thorax, and that Roentgen examination afforded the best 
means of detecting intrathoracic neoplasms. They stated that the 
signs and symptoms of these lesions Avere often feAv and slight and fre- 
quently were lacking entirel5^ They remarked that it was astounding 
noAY large a tumor Avithin the thorax might become before giAung rise to 
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symptoms; such tumors have been accidentally discovered in routine 
examinations. They pointed out certain clinical and roentgenologic 
features which served to distinguish one tumor from another so that a 
critical correlation of roentgenograms with clinical signs often serve to 
establish a correct diagnosis. 

Komblum and Bradshaw asserted that neurogenic tumors of the 
thorax did not appear to have any predilection for sex or age. The 
clinical manifestations were not striking in most instances. The onset 
of symptoms was usually insidious. The rapidity of the course de- 
pended largely on whether the tumor was benign or malignant. The 
symptoms, largely those of pressure, were dependent on the structures 
on which pressure was exerted. The majority of neurogenic tumors 
occurred in the posterior part of the thorax, well away from any of the 
vital structures contained in the mediastinum. Here they might attain 
a considerable size before giving rise to manifestations of pressure. 

Among the more constant and prominent symptoms were pain in the 
thorax and cough, either perhaps predominating. Because of their size, 
many of these tumors caused interference with normal pulmonary 
physiologic procedures by pressure. Interference with drainage of the 
lungs and the occurrence of atelectasis invited infection. Atelectasis 
was more prone to occur with tumors arising in the mediastinum which 
permitted the larger bronchi to be compressed. This was likewise true 
of pleural effusion, which was occasionally encountered. Paralysis of 
the phrenic nerve was also a manifestation of a mediastinal origin of the 
tumor. It was possible for a tumor to arise in the thorax and project 
into the vertebral canal. 

These authors recommended that the routine Roentgen investigation 
for intrathoracic neoplasms should include a careful roentgenoscopic 
observation and an adequate roentgenographic study. 

Considering the differential diagnosis, Komblum and Bradshaw 
stated that lymphoblastoma, Hodgkin’s disease and lymphosarcoma 
usually were confined to the mediastinum and produced in it a nodular 
enlargement. Lj-mphatic enlargements elsewhere in the body, from 
which specimens could be taken for biopsy, ser\-ed as an aid in estab- 
lishing the diagnosis. The rather prompt and striking response of 
lymphoblastoma to irradiation offered a valuable aid to diagnosis, in 
that the neurogenic tumors were highly radioresistant. Their e.xperi- 
ence had been that when lymphatic leukemia produced a pathologic 
change in the mediastinum, it was practically never an isolated process. 
\ study of the morphology of the blood cells would reveal the true 
nature of the disease when lymphatic leukemia was present. Aneurysm 
of the thoracic aorta could be recognized most frequently by establish- 
ing its origin from the aorta in roentgenoscopic ol)scrvation. Thymo- 
mas, in their experience, were confined to the mediastinum and their 
outlines in roentgenograms were usually irregular in contrast to the 
sharply demarcated shadow of the dermoid cyst. The thymoma, 
dermoid cyst and substernal or intrathoracic goiter occurred anteriorly 
in contradistinction to the po.stcrior location of the neurogenic tumor. 
The goiter fre(|uentiy eonipre.s.sed or caused deviation of the trachea 
and cr)uld be ol)served on roentgeno.sco})ie study to alter its position 
with deglutition. Single, large, isolated malignant metastatic noduhs. 
and intrathoracic fibromas or lipomas might be <lifficult to di.stingm.sh 
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from neiirofjenic tumors. The makinp; of tlie differential diagnosis 
could be important, because the only treatment that was of any a^'ail 
in neurogenic tumors was surgical removal. 

The frequency with which the re.spiratory tract and such other sites 
as the gastro-intestmal tract, the skeletal .system and the genito- 
urinary tract were affected by lymphoid diseases is not well recognized. 
This statement was made by Vieta and Graver^” after a study of 
.1911 cases. Of this group of 1911 cases, they found that 794 were 
acceptable for roentgenographic study and 160 for an analysis of find- 
ings obtained at necropsy. Necrops.y revealed that the incidence of 
intrathoracic lesions was much higher than was indicated by the roent- 
genographic studies that were made. These authors were of the opinion 
that more frequent Roentgen examination of the thorax was indicated 
by their study. The roentgenographic features lent themselves to 
analysis in subgroups as follows: 1, mediastinal tumor; 2, infiltration 
into the parenchyma of the lungs; 3, isolated nodules in the parenchyma; 
and 4, discrete nodules at the roots of the lungs. They also added 
two further subgroups, pleural thickening and pleural effusion. In 
their series they did not notice any particular frequency of enlargement 
of the right paratracheal nodes in Hodgkin’s disease. Infiltrations 
into the parenchyma of the lungs, extending out from the hilus, con- 
sidered diagnostic by some, occurred also in their experience in sarcoid 
of Boeck, tuberculosis of the tracheobronchial lymph nodes and meta- 
static carcinoma. They quoted Lenk as having observed that the clini- 
cal picture of tuberculosis in conjunction with the Roentgen characters 
of malignant tumor favored a diagnosis of Hodgkin’s disease. Isolated 
nodules in the lung, almost invariably accompanied by one or more of 
the other types of intrathoracic manifestations of lymphoid disease, 
they considered as true metastasis after consideration of the fact that the 
Hodgkin’s process must be disseminated through the body, either 
through the blood or lymph channels, to reach the bones and the struc- 
tures of the nervous system, both of which are grossly devoid of lym- 
phoid elements. 


In a study of 335 cases, Vieta and Graver found mediastinal tumors 
in 47.4%, infiltration into the pai-enchyma of the lung in 38.5%, iso- 
lated nodules in 5.3%, discrete nodules at the roots of the lungs in 
23.8%, pleural thickening in 7.4% and pleural effusion in 15.8%. 

From the roentgenographic study these authors were impressed by 
the frequency with whicli intrathoracic structures were involved in 
Hodgkin’s disease. The protean features of the lesions, however, led 
to the conclusion that there were no specific roentgenologic features 
that would allow the roentgenologist to make more than a presumptive 
diagnosis of lymphoid disease. In their e.xperience, the lungs were 
pvol)ably more often invaded than any other structure with the excep- 
tion of the lymph nodes. In 335 cases observed clinically and patho- 
logically in their series, they did not find a single case in which they 
could state definitely that the parenchyma of the lungs was involved 
primarily and that the other manifestations were secondary. In about 
/ % ol their eases the first Roentgen e.xamination of tlie thorax re\'ealed 
mvolveinent of the mediastinum, hilus or parenchyma of the lungs, 
t here were no cases of primary involvement of the pleura by Hodgkin’s 
disease in their series. In 88% of the 51 ‘cases in their series in which 
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necropsy was performed, they found some form of lesion within the 
thorax caused by Hodgkin’s disease. 

In malignant tumors of the lymphatic system (reticulum cell sar- 
coma, malignant lymphocytoma and giant follicular lymphadenopathy) 
the roentgenographic features were not unlike those of Hodgkin’s dis- 
ease. Displacement of intrathoracic structures, even when the medi- 
astinal or hilar masses were of large size, was rarelj"^ noted in lympho- 
sarcoma. Pleural effusion occurred in 16.0% of the cases obser\'ed: 
pleural thickening in 9.6 %. Pulmonary involvement or pleural mani- 
festations usually occurred rather late in the course of lymphosarcoma, 
but despite this, in many cases striking improvement in the patient’s 
general condition followed irradiation of the affected regions. They 
were of the opinion that, when parenchymal involvement was noted, 
Roentgen therapy should be used to the full limit. When lympho- 
sarcoma had invaded the intrathoracic structures, the involvement was 
widespread with the formation of large masses of neoplastic tissue. 
Their material obtained at necropsy indicated that in 30 % of the cases 
infiltration of the parietal pleura was extensive. 

In their roentgenographic study of lymphatic leukemia Vieta and 
Graver were impressed by the frequency of the parenchymal infiltra- 
tions in the lung. Involvement of the mediastinal and hilar nodes 
occurred most frequently, but at necropsy these nodes were of such 
dimensions that they would not have been demonstrable roentgeno- 
graphically. Isolated nodules of leukemic tissue within the paren- 
chyma in lymphatic leukemia were rare phenomena in their experience. 
In their roentgenographic studies, Vieta and Graver did not find an 
instance of a mediastinal tumor in a case of myelogenous leukemia. 

Dusts as an industrial hazard have had much to do with the ever- 
widening interest of the directors of industrial corporations in routine 
Roentgen ray examination of the thorax as a requisitein preemphynient 
investigations and in connection with arrangements for the maintenance 
of the health and efficiency of employees. The commanding position of the 
roentgenogram in establishing a criterion for the awarding of compensa- 
tion was exemplified by Glemenff in a study of rock drillers in under- 
ground mines and of the conditions under which these miners worked. 
Follow-up investigations had included consultation with personal, physi- 
cians of the miners and their families. Persons who had certain types 
of thoracic roentgenograms did not become disabled but were content in 
their employment and were able to do a full day’s work. Thoracic 
shadows in such cases, the author pointed out, were not significant of 
damage that would entitle the person to compensation for disability. 
Because of the number of times that such illustrations had been used 
to support the idea of rock dust as an industrial hazard, he was of the 
opinion that insufficient correlation of data had resulted in false con- 
cepts of the significance of the roentgenographic shadows. 

Doughtj'* stated that roentgenologic studies of the lungs afford tlic 
most accurate means of diagnosis of silicosis and that serial roentgeno- 
grams allow watching the changes as they occur. Although lie acknowl- 
edged that physicians of large experience in all phases of silicosis, if 
given the number of years a worker has been employed, an accurate 
dust count of the air that the individual has breathed and the size of 
the particles of silicon dioxide in that dust, or if permitted to sec a 
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group of employees walking up a moderate grade to work, could describe 
accurately the pathologic changes present in the thorax, he still main- 
tained that most competent roentgenologists could achieve a much 
l)etter average in tiic diagnosis of silicosis. Their sucec.ss would necessi- 
tate adherence to the usual procedure recognized by the roentgenologist, 
namely 1, primary rocntgcnographic examination of the thorax and, 
2, correlation of the roentgenologic data with that of, a, an accurate 
history of the subject’s employment during his working life, b, an 
accurate dust count made at the breathing level of the patient, c, the 
percentage of silicon dioxide in the atmosphere breathed and the size 
of the particles present and, d, the findings in the taking of the 
medical history and the making of the physical examination. Although 
he acknowledged that a positive diagnosis of silicosis should not be 
made on the roentgenographic evidence alone, Doughty was of the 
opinion that an accurate diagnosis of silicosis was not possible without 
Roentgen examination of the thorax. This author quoted Burge, as 
follows; “Only the physician who has examined the subject, has 
obtained an occupational history of an adequate exposure to silica 
dust, and had before Inm a suitable roentgenogram of the chest, should 
make a diagnosis of silicosis. The roentgenologist not in possession of 
these facts can merely state whether the shadows which he sees in the 
roentgenogram are consistent with his diagnosis.” He emphasized 
that demonstration of discrete nodules was the one essential in estab- 
lishing the diagnosis of silicosis. Coalescent nodulation occurred when 
the nodules became numerous in a fairly small area and the fibrous tissue 
between them became more evident. He stated that coalescent areas 


were most commonly seen in the upper central portions of the pulmo- 
nary fields, and were almost always bilateral and symmetrically placed. 
Conglomerate masses usually were due to the merging of a number of 
these coalescent areas, with the addition of fibrous tissue, into a dense 
area of larger size. They, too, were usuall}’^ in the central and upper 
portions of the pulmonary fields, although they sometimes occupied 
the greater part of the upper two-thirds of one or both sides. While 
these infiltrated areas were usually regular, his experience was that at 
times they might be irregular. 

With this concise description of the pathognomonic roentgenographic 
features of silicosis, Doughty contended that in the follow-up work 
among employees of dusty industries, serial roentgenograms made 
every 0 months or every year were more valuable than the data of 
any other examination. They made an invaluable record for com- 
parison. If in any later roentgenogram the number of silicotic nodules 
had lessened, then silicosis as a factor in the symptoms could be elimi- 
nated. Once established, these nodules never disappeared although 
they might be obscured as a result of active infection or massive forma- 
tion of fibrotic tissue. 

Complications might alter the roentgenographic image. Emphy- 
sema, seen commonly in the older and more advanced cases, began 
usually in the costophrenic angles and progressed along the diaphragm 
until it sometimes had occupied the lowmr fourth or third of the thoracic 
cage. It was almost always bilateral and symmetrical, in extreme cases 
With perhaps more lobules on one side than the other. Smaller amounts 

emphysema were at times seen in the pulmonary fields surrounding 
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foalcscent or confclomerutc areas in the upper and middle sections. 
Fiinons hands were eominon in tiie advanced eases, e.xtendinf; rroni the 
dense ma.sses in the upper portions of (lie hniijs (hrouf:h tiie emphyse- 
matous reftion, causing tenting or peaking of the diaphnigm wliere they 
were adherent. For some une.xplained reason, Dougiity found pui- 
monary tuberculosis to be more common and the mortality rate from it 
higher in the silicotic than it was in the general population. It was. in 
his e.xperience, the most common cause of death among patients who 
had silicosis. 

With the advent of industrial compensation in many states, a large 
number of the older employees in industries where they were exposed 
to certain forms of dust applied for compensation because of perma- 
nent total disability. This author, after a number of years spent in 
contact with these workers, in which his respect for their stamina and 
integrity was greatly increased, conceded the justice of tlieir claims. 
i\'Iany of these older employees continued to work long past the time 
when they should have stopped. Many had ad\'anced silicosis, usu- 
ally complicated by pulmonary tuberculosis, either active or, more 
commonly, of the chronic fibroid k'^ie. Others showed evidences of 
the massive conglomerate type of silicosis with associated emphysema, 
at times complicated by cor pulmonale. Many, however, showed only 
evidences of simple, uncomplicated silicosis which in itself was not dis- 
abling. They were the victims of advancing age, and at the end of 
many years of hard physical labor they showed the effects of its toll 
on the human body. The problem of the physician was to determine 
whether or not silicosis played a part in their disability. The physician 
fortunate enough to have a series of roentgenograms of the individual 
concerned extending over a period of S or 10 years would find them of 
great value in the correct analysis of the individual case. 

In dift'erential diagnosis of early or moderately advanced cases, many 
conditions had to be considered such as anthracosis, siderosis, miliary 
tuberculosis, small metastatic, neoplasms especially of hyperneph- 
roma, many of the yeast fungi deposits, sarcoid of Boeck and .sprue. 
In the more advanced cases, pulmonary tubercidosis, cancer, emphy- 
sema, bronchiectasis, atelectasis and the pulmonary changes of advanc- 
ing age had to be considered. With advancing age there was more 
fiiirous tissue in the lungs and the lymph \'essels themselves were nor- 
mally more evident. The roentgenographic image of chronic cardiac 
disease with the usual accompanying arteriosclerosis and pulmonary 
changes accompanying compensation might simulate that of silicosis. 

Lemon® has stated that all particulate matter in the parenchyma of 
the lung is disposed of in e.ssentially the same manner and that many 
particles, both organic and inorganic, were segregated into nodules. Of 
the inorganic substances, silica (SiOj) was the most important because 
it constituted the greatest hazard in the dusty trades; of organic sub- 
stances, the M ijvohacicrium tubrrculosis was the most important because 
of the important disease it camscs. E.xccpt for this organism, its rejiro- 
ductive powers, virulence and the allergic reactions it enpnders, the 
response of the reticulo-endothelial system to its presence is substanti- 
ally the same as the reaction to silicon dioxide. K.xperimcntal investi- 
gation had proved that silicon dioxide was the specific <-ause of the 
di.sease silicosis. He and his collaborators had found that graphite, 
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sericito, asi,>c.stos, granite and otlicr .sul)stances containing silicon 
dioxide in small concentrations did not, under exi)erimental conditions, 
produce speeilic nodular lihrosis, hut rather a geueraliKcd lihrosis as 
seen in many conditions classilicd under the general term “jmeumo- 
coniosis.” This author^ stated that for many years observers had 
believed that diluents such as eoai dust diminished the liability of 
exposed miners to clinically active tid)crculosis. Tlie same idea was 
applied to silicosis, and for years it was accepted as fact that coal dust 
acted as an inhibitor to the action of silica. He quoted clinical studies 
and experimental findings of many observers which seem to substantiate 
with some degree of certainty the concept that diluent dusts prevent, 
delay or modify the action of siliceous dust. 

Investigation of the size of the particles showed that all observers 
were in agreement as to the size of the particles of silica that caused 
damage by becoming arrested within the lungs; these particles must not 
be too large for phagocytosis by the mononuclear phagocytic cells. The 
extreme limit in size proved to be 10 ju, and in well-ground quartz and 
in the dust of mines and dusty trades these large particles were rela- 
tively few. To be most effective and most dangerous, the particles 
measured from 1 to 3 p. It was possible that these extremely small 
particles passed in and out of the lung with the air inspired or expired. 
Those that became arrested were prol)ably very damaging because the 
degree of damage was, within certain limits, inversely proportional to 
the size of the particle. 

In a study of the specific cell defending the lung against damage, it 
was determined that silicosis as a disease did not occur because silica 
was breathed into the lungs, but rather beesmse sufficient dangerous 
particles were retained within the lung. The disease represented a 
defect of the defense mechanism resulting in the arrest of the phago- 
cytes after phagocytosis had taken place, and formation of the specific 
fibrous nodule represented the effort of the organism to segregate, 
localize and encapsulate the noxious substance so that the least possible 
degree of harm might result to embarrass respiratory function. Phago- 
cytosis took place largely in the alveoli, not in the larger air passages, 
and it xvas from the alveoli that the process of elimination began. The 
laden phagocytes floated in the serum that escaped from the capillaries, 
oc they migrated along the w'alls of the alveoli by ameboid movement. 
In experimental investigation, within a few hours, they were seen to 
crowd about the terminus of the alveolar duct, wdiich was their first 
intrapulmonary point of arrest. 

Two paths of exit were available for these laden cells: First, they 
ought enter the bronchiole lumen, xvhere changes in pressure and size 
of the air ducts hurried them along toward the bronchi. Ciliary move- 
ments, entanglement in mucus, and muscular action formed the laden 
cells into a bolus which was readily expelled by coughing. The par- 
ticles that found exit obviously did not become arrested and did not 
produce lesions. The second route of removal was by way of the lymph 
vessels. The lymphatic system is composed of txvo parts: one super- 
ficial and passing toward the, pleura, and one deep, following the 
bronchi and blood-vessels toward the hilus. Lemon and his collabo- 
riitors proved that arrest occurred and lesions always developed along 
tfie.se systems. They found that laden cells constantly arrived at the 
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terminus of the alveolar duct and that the stimulation of connective 
tissue elements constantly aujimcntcd their numbers. Cells eontainiiif; 
mitotic figures gave evidence that silica promoted hyperplasia in the 
tissue cell system. Many of these cells i)ccamc arrested and formed 
aggregations that created the first cellular lesions, which were ulti- 
mately transformed into fibrous pseudotubercles. Thus anywhere along 
the interlobar fissures, aggregations might be formed in the course of the 
pu]monary vein. The pleural Ij'mph vessels carried ingested particles 
to the bronchopulmonarj' and tracheobronchial nodes at the hilus, 
where arrest and concentration of cells created cellular nodules. In 
e.\'perimental silicosis, the laden phagocytes were not readily destroyed; 
they ultimately became replaced by white fibers and so created in 
these several situations true silicotic pseudotubercles. 

Through the elimination process, Lemon found that the stimulation 
of the tissue cells continued and early fibrosis occurred along the routes 
taken by the lymph vessels. Like the primary lesions of pulmonary 
tuberculosis, all silicotic lesions, regardless of their duration, were sub- 
ject to changes that operated both within and from the outside of the 
nodule. When the first concentration of cells formed a microscopic 
nodule, pressure changes uithin the lung packed the cells so closely 
together that they assumed a spherical shape. The cells in the core of 
the nodule began to undergo degenerative changes. Accumulations of 
fat occurred in alt stages and increased with the size of the nodule. 
The amount of degenerative change seemed to depend also on the num- 
ber of particles that were ingested, just as- the degree of degenerative 
changes in the tubercle depends on the number of ^^rulent organisms of 
tuberculosis within the phagocytes. Both particles of silica and tubercle 
bacilli are protoplasmic poisons and under experimental conditions both 
caused fatty degeneration. Later, it was found, the core of the nodule 
became hyaline or, as in the tubercle, calcium settled there and calcific 
lesions formed. 

The polarizing microscope showed that the particles were most 
numerous in the core of the nodule and that they became progressively 
fewer toward the periphery. Nodules of dift’erent ages frequently 
were found in the same section and constituted evidence of the constant 
changes that tended to destroy them, whether they were of short 
duration and still cellular, or of long duration and seemingly obliterated 
by concentric fibrous envelopes or calcification of the core. Observa- 
tions supported the belief that the action of silica was continuous and 
that there was no time limit to the duration of the disease, silicosis, in 
which silica was the specific etiologic agent. 

Under prolonged and continuous stimulation, even in the absence of 
superimposed infection, fibrous changes proceeded. The silica stimu- 
lated production of macrophages and fibroblasts. iMicroscopically dis- 
crete pseudotubercles created large conglomerate nodules, and all the 
perinodular pulmonary tissues were involved in fibrotic changes; the 
alveolar walls were thickened, the alveoli were compre.ssed, and tlic 
bronchioles were deformed into slitUke fissures which were recognizable 
only because their mucosa and muscular layers had been preserved. 
Th^e structures were separated by heavy layers of dense fibrous ti.ssuc. 

When infection supervened, the resultant changes were observed Jo 
be .similar to those seen in tuberculo.silicosis among human iieings or 
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PHYSIOLOGY. 

PROCEEDINGS OF 

THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 
SESSION OP FEBRCAHY 17 , 1942 


A Technique for Demonstrating an Antidiuretic Action of Minute 
Amounts of Pitressin. ^YILLIAJI A. Jeffers and jMary M. Livezev 
(Edward B. Robinette Foundation, Medical Clinic, Hospital of the 
Universit 5 ' of Pennsylvania). Single rats rendered diuretic by water, 
and alcohol in sedative dosage, constitute a satisfactory biologic test 
for the antidiuretic action of pitressin. It is 10 times more sensitive 
than Walker’s test (Walker, A. M.: Am. J. Physiol., 127, 519, 1939), 
in which he used the diuretic rabbit; however, the required dose per 
kilogram of test animal is essentially the same. As an assay technique, 
using the same number of injections, ours is at least as reliable as the 
multiple rat test of Burn (Burn, J. H. : Quart. J. Pharm. and Pharmacol., 
4, .517, 1931) and as other available tests for antkliuretic substances. 


The Activity of the Descending Duodenum in Man During Nausea 
Produced by Caloric Stimulation of the Semicircular Canals, Fran’z 
J. Ingelfin'ger and Robert E. Mo.ss (Evans ^Memorial, Massachusetts 
Memorial Hospital, and Department of Medicine, Boston University 
School of iMedicine, Boston, Mass.). A tandem two-balloon system 
can be “anchored” in the descending duodenum if the balloons are 
inflated simultaneously when one balloon lies distal, the other pro.vimal 
to the mid-point of the descending duodenum. A continuous record 
of duodenal activity can then be taken. 

The duodenal activity was recorded in 20 human subjects before, 
during and after caloric stimulation of the semicircular canals. This 
procedure produced \'arying degrees of nausea 13 times in 11 .subjects. 
With the onset of nausea, the descending duodenum underwent a gen- 
eralized contraction in S instances, the degree of the contraction being 
roughly proportional to the intensity of the nausea produced. In 
3 subjects, who e.xperienced a mild “uneasiness,” the duodenum ap- 
peared to rela.x. In 2 subjects, vomiting movements obscured the 
record of duodenal activity. 

In 9 .subjects who had no nausea after labyrinthine stimulation 
duodenal activity remained unchanged. When morphine sulfate was 
gi\'cn subcutuncouslj’ to 5 of these subjects, nausea occurred in each 
instance and was accomiianicd by a generalized duodenal contraction. 
This contraction, and the similar one ob.scrved during the nausea which 
followed labyrintliine excitation, involved I)oth parts of the descending 
duodenum simultaneously. Xo reverse peristalsis was noted. Never- 
theless, the contracting duodenum e.vpelled both lialloons into the 
stomach 0 time.s after caloric stiimdation ami 3 times after morphine. 

It appears that nausea, whether produced Iiy laliyrinthine stimula- 
tion or liy the administration of morphine, frequently is accompanied 
bv a generalized contraction of the de.scending duodenum whicli fends 
to expel the duodenal contents into the stomach. 
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The Mecliamsni of the Secretion of Sulfanilamide by the Gastric 
Mucosa. Hokagk W. Davkn'pout (l)('i)artiiH'nl of Physiology, Tni- 
versity of Pennsylvania). When sulfanilamide is present in the plasma 
it is secreted into the gastric juice. The concentration ratio winch is 
the concentration in the gastric juice divided by the concentration in 
the plasma has an average value of 2.0, and it varies inversely with the 
rate of secretion and directly with the plasma concentration. The fact 
that the concentration in the gastric juice is higher than that in the 
plasma appears to indicate that thermodynamic work is done on the 
drug in effecting the secretion. However, a determination of the 
activity coefficients of the drug in plasma and in gastric juice shows 
that the ratio of the activity coefficients is 1 to 2.6. Therefore the 
different concentrations of the drug in the two solutions are actually 
at or approaching equilibrium. On the basis of the assumption that 
the drug difl‘uses through the mucosa at a rate proportional to the dif- 
ference in activities an equation has been derived which completely 
explains the gastric secretion of sulfanilamide. 


Influence of Anesthetics on the Balance Between Chemoreceptor 
and Central Control of Respiration. R. I). Dhipps, .Jr., and P. R. 
Dumke (Department of Pharmacology, University of Penn.sylvania). 
In decerebrate dogs and cats data were obtained, first, on the response 
of the respiratory center to inhalation of CO 2 , and, second, on the 
response of the carotid and aortic body chemoreceptors to threshold 
doses of cyanide injected intravascularly. Original purpose was to 
determine whether chemoreceptor reflexes are exaggerated in dogs by 
chloralose; this was found to be the case since the response of the center 
was regularly diminished and the response of the chemoreceptors regu- 
larly elicited by smaller doses after chloralose. Ether, barbital, nembu- 
tal, and morphine were also tested in dogs, all these and chloralose, 
pentothal, and cyclopropane in cats. All drugs depressed the response 
of the center to CO 2 in both species; this was the only result common 
to all drugs in both animals. Barbital, like chloralose, exaggerated 
chemoreceptor activity in dogs, and barbital, morphine, and nembutal 
did this in cats; morphine in dogs had no consistent effect; nembutal 
and ether in dogs, and pentothal, cyclopropane, chloralose and etlier in 
cats, diminished chemoreceptor activity. The influence of the narcotic 
must therefore be considered in the interpretation of experimental 
results in this field. A partial explanation of the exaggeration of 
chemoreceptor reflexes mentioned above is the presence of anoxemia 
resulting from depression of respiration, which occurred with every 
drug except ether. High O 2 content in the inspired air was found to 
raise the chemoreceptor threshold to cyanide while low O 2 content had 
the opposite effect. Summation of anoxic and cyanide stimulation of 
the chemoreceptors may therefore explain some of these results but it 
cannot account for the variations among the different depressant 
agents. Ether, the only drug that did not depress respiratory minute 
volume, was also the only one that depressed both of the responses in 
both species; ether must therefore stimulate respiration by other 
mechanisms among which reflexes aroused by pulmonary irritation 
f eserve prominent consideration. 
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Studies With the Electron Microscope. Thomas F. Anderson* 
(RCA Laboratories, Camden, N. J.) Some of the recent studies with 
the electron microscope include: 

1. The Structure of Elementary Bodies of Vaccinia (with J. E. 
Smadel and R. H. Green). Vaccinia elementary bodies are roughly 
rectangular in shape (0.2 by 0.3 p) and contain an internal structure 
within some sort of a limiting membrane. 

2. The Structure and Characterization of Bacteriophages (with S. E. 
Lueia). a number of strains of anticoli phage were studied and their 
reactions mih E. coli followed. “Sperm-shaped” bodies were present 
in all preparations but the size and internal structure of the “head” as 
well as the length and thickness of the “tail” were found to be charac- 
teristic of the strain of phage. The sizes of these particles correspond 
roughly to sizes determined by indirect methods. The phage particles 
seemed capable of adhering to E. coli either at the head or with the tail 
and as lysis progressed the bacteria appeared to be damaged and eventu- 
ally, of course, to disintegrate. 

3. Tissue and Nerve Fibers of the Cat (with G. H. Scott). It was 
found that a cat’s nerve, freeze-dried and fixed, could be easily teased 
apart and mounted for study with the electron microscope, revealing 
single nerve fibers and connective tissue fibers. Details of the work 
will be reported elsewhere. 


The Bacterial Cell as Shown fay the Electron Microscope.— Stuart 
Mudd, T. F. Anderson. H. E. Morton, and K. Polevitzkv (Depart- 
ments of Bacteriology, Schools of Medicine and Dentistry, University 
of Pennsylvania, and RC-4 Manufacturing Company). Electron micro- 
scopic study of a wide variety of bacteria has shown that the bacterium 
is a ceil, with a cell wall distinctly differentiated from inner fluid or 
potentially fluid protoplasm. Within the inner protoplasm structural 
differentiation in the form of discrete spheroidal or discoidai granule.s, 
or of less definitely circumscribed areas of relatively high density, may 
often be seen in the electron micrographs. Spores and flagella when 
present are clearly seen. 

The inner protoplasm may be darkened selccti\'cly and often shrunken 
away from the cell wall by exposing the bacterium to solution.s of 
heavy metal salts [r. g., AgXOj, NiCNOsh]. Ivvposure to Pb(.-lc); h;i.s 
sometimes injured the cell with resultant swelling and escape of proto- 
plasm. These obseri'ations point to a possible technoIog\- of differen- 
tial “staining” for electron microscopy, as well as a technique for mak- 
ing visible the effects of germicidal agents on the indi^'idual cell. 

The specific deposition of antibody on bacterial cells and flagella 
may be detected tlirough an increase in darknc.ss, thickness and “fuzzi- 


* RC.t FeRoK- of the Kalional Ttr^c.trrh Council. 
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ness” of the cell wall or flagella, respectively. Deposition of antibody 
can be seen to be a function of antibody concentration and of time of 
contact of, antigen and antibody. 


The Study of Viruses and Proteins With the Electron Microscope. 
Leslie A. Chajibers (Eldridge Reeves Johnson Foundation for Medi- 
cal Physics and Department of Pediatrics, Unii'ersity of Pennsylvania). 
A series of pictures made with the electron microscope in the Johnson 
Foundation were used to illustrate the kinds of information relating 
to proteins and viruses which may be obtained through use of the instru- 
ment. Data on size, shape, and interaction of large molecules may be 
taken directly from the electronmicrographs, when the limitations of 
adequate contrast and resolution (30 AF) permit. Some difficulties 
in the interpretation of density differences in the electron-shadowgraphs 
were considered. 

Exploratoiy examination of infected chick allantoic fluids indicates 
that viruses can be identified in such media exactly as bacteria can 
be identified in smears by ordinary microscopy. Electronmicrographs 
of the viruses of influenza, equine encephalomyelitis, and herpes . 5 )mplex 
were shown, as well as virus-like bodies present in nasal secretions during 
severe colds. 


Carotid and Aortic Body Eefiexes in Unanes.thetized Dogs. J. G. 
Watt, P. R. Dumke, and J. H. Comroe, Jr. (Laboratory of Pharma- 
cology, University of Pennsylvania). Experiments were performed on 
7 trained dogs to determine: (a) if the carotid and aortic chemorecep- 
tors are tonically active in the unanesthetized dog breathing room air; 
{b) if the respiratory center of the unanesthetized dog, deprived of 
carotid and aortic body reflexes, is stimulated by oxygen-lack. Un- 
anesthetized dogs were used since the recent work of Dumke and 
Eripps (see p. 777 above) indicates that the results of experiments in 
this field may be dominated by the anesthetic. 

Results, (a) Some chemoreceptors are continuously activated by 
the degree of oxygen unsaturation normally present in the arterial 
blood of the unanesthetized dog breathing room air, because inhalation 
of 100% oxygen regularly led to an immediate decrease in pulmonary 
ventilation. Respiration returned to normal in 1 to 6 minutes despite 
continued inhalation of 100% O 2 , but during the sixth minute the 
arterial pC02 remained elevated (average increase 3.8 mm. Hg) in 5 
out of 6 dogs. After chemoreceptor denervation inhalation of oxygen 
no longer decreased respiration, but either increased it or had no effect. 

(b) Low oxygen mixtures which regularly increased breathing in the 
normal dog failed to do so after chemoreceptor denervation. A pro- 
gressive depression of respiration on low O 2 , followed by hyperpnea on 
changing back to room air was seen in most cases. The abserfee of 
stimulation in these unanesthetized denervated animals cannot be 
attributed to a failure of arterial p ()2 to fall, for ivith the same 14% 
- ’nixture the average p02 in the (lenervated dog was 33 mm. Hg com- 
pared to 48 min. in the intact animal. The primary effect of anoxemia 
npon the respiratory center of the dog is therefore depression. 
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MYOCAEDITIS IN POLIOMYELITIS.* 

Bv Otto Saphir, M.D., 

AND 

Simon A. Wile, M.D., 

CHICAGO, ILL. 

(From the Department of Pathology of Michael Reese Hospital and the Sarah Morris 

Hospital for Children.) 

_ During the past few years there lla^’^e come under our observa- 
tion several patients with poliom 3 ^elitis. Some of these patients 
succumbed during the acute stage of the disease, while others died 
rather suddenlj’^ several months after the acute process had sub- 
sided. It is interesting to note that at autopsj'^ the hearts of some 
of these patients showed mjmcardial lesions which must be classed 
as true myocarditis. Because of these findings and because a 
search of the literature reveals no pertinent data, hearts of patients 
dying from poliomjmlitis were examined carefull}^ for possible 
inflammatory changes. 

Though no references were found regarding the occurrence of 
myocarditis in poliomjmlitis, there are a few cases on record of 
myocarditis occurring in other virus diseases. Degen^ stated that 
among 91 hearts of patients who died during the acute stage of 
measles, 4 showed evidence of mjmcarditis. This was essentially^ 
an infiltration of Lymphocytes, frequently^" but not predominantly^ 
perivascular in distribution. Manca® reported an instance of 
mumps in which the myocardium was the seat of an, infiltration of 
neutrophils, lymphocytes, plasma cells and ymung fibroblasts. 
Ihere were also large cells with much cytoplasm and round nuclei 
whose chromatin formed a coarse “reticulum.” Brick, ^ reporting 
the results of autopsies in 14 cases of whooping cough, found in 

* Aided by a grant from the A. B. Kuppenheimer Fund. 
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one heart a few neutrophils and small accumulations of round cells, 
and in another, occasional neutrophils throughout the myocardium. 
Kirch,® in quoting Aschoff, mentioned inflammatory changes in the 
myocardium of patients dying from staallpox. More recently, 
Herzog and Rodriguez® reported the finding of perivascular infiltra- 
tions of adventitial cells, fibroblasts, lymphocytes, neutrophils and 
plasma cells in cases of tjqihus. The neutrophils often predomi- 
nated. Myocarditis has also been found in cases of Rocky Moun- 
tain spotted fever, Lillie'^ having described the presence of lympho- 
cytes, plasma cells, macrophages and eosinophilic leukocytes. 
Rickettsia-like bodies have also been recognized (Florman and 
Hafkenschieh). 

From the above it is clear that myocarditis does occur in virus 
diseases, although it is a rare complication. It may also be em- 
phasized that some of these patients died suddenly (Manca®). 
Histologicallj'^, the myocardial lesions were neither uniform nor 
specific. 

Our study is based on a review of the clinical records of 7 patients 
who died either during the acute stage of poliomyelitis or some time 
after paralysis of various parts of the body had ensued. In every 
instance, an attempt was made to rule out a simultaneously present, 
complicating disease which might have been the cause of the myo- 
carditis. All the hearts were examined microscopically. A vary- 
ing number of blocks were cut from the myocardium and stained 
with hematoxylin-eosin, iron-hematoxjdin, and according to the 
Giemsa, Gram, and van Gieson methods. When deemed necessary, 
the blocks were cut serially. 

Clinical Notes. Five of the 7 patients were children, 4, 5, 10, 11 
and 14 years old respecti^’■ely; 2 were adults, 23 and 34 years old 
respectively. 

Case 1. — A male, aged 34, had contracted the disease 18 days before 
he died. He had entered the hospital in a paraljdic stage and vith some 
respiratoiy^ difHcultJ^ He was placed in an oxj’^gen tent, later in a Drinker 
respirator, and finallj' was given nasal o.\ygen. The patient died 10 days 
later with signs of mid-brain involvement, hawng developed a temperature 
of 108°. The autopsy showed, besides the characteristic picture of a polio- 
mj'elitis, a severe bronchopneumonia. There was no mj'ocarditis. 

Only the most essential data in the clinical courses of the other 
6 patients will be briefly summarized. 

Case 2. — A white female, of 4 j'ears, had developed poliomyelitis 51 
months before admission. She had received convalescent poliomyelitis 
serum, and was admitted to the" hospital for physiotherapy for paralysis 
invohdng the muscles of the neck and upper and lo%ver extremities. Aside 
from the parah'sis there were no other significant physical or laboratorj" 
findings. She did verj’ well until 11 days after admission when she com- 
plained of feeling cold.' The skin was clammy and she was quite cyanotic. 
Respiration became labored, the pulse weak and its rate rapid, fclic was 
placed in a respirator but became progressively worse and died 0 days later. 
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Case 5.— A white male, of 11 years, entered the hospital with bulbar 
pohomyehtis of 2 days’ duration. During the ensuing 24 hours the child 
became progressively worse. The pulse rate dropped to 68 and remained 
slow for about 12 hours. On the second day following admission the child 
was quite drowsy and cyanotic and w'as placed in a respirator. The pulse 
became verj’- rapid and feeble, and the patient expired 12 hours later. . 

Case 6.— A 14-j’^ear-old w'hite male entered the hospital with an acute 
fulminating type of bulbar pohomyehtis of 48 hours’ duration. The pulse 
was threadj^ and rapid. He was placed in a respirator and died suddenly 
1 hour after admission. 

Case 7.— A -white male, of 23 years, entered the hospital with a diagnosis 
of pohomyehtis. He w’as given convalescent serum and placed in a respi- 
rator. His condition slowly improved over a period of 5 weeks. At this 
time the patient suddenly developed a high pulse rate and seemed quite 
drowsy. Subsequently, he developed some abdominal distress and suc- 
cumbed rather suddenljL 

Pathologic Findings. — ^The autopsj'^ verified the clinical diagnosis 
of poliomyelitis in every instance, the relative age of the disease 
more or less corresponding to the time interval betw^een the clinical 
onset of the disease and the death of the patient. 

The hearts grossly were slightly dilated, but not hypertrophic. 
Even the hearts of patients who had been for various lengths of 
time in the Drinker respirator did not disclose any hypertrophy of 
the right ventricle. The myocardium w'as slightly flabby, usually 
grayish-red. No hemorrhage -w'as discernible grossly. Histologi- 
cally, various changes w^ere manifest. It may be stated that interest 
in the myocardial changes was first aroused by the finding of 
inflammatory lesions in the hearts of Cases 3 and 6, and that the 
changes in the other hearts -were found subsequently, after a re- 
study of the hearts. 

Slight inflammatory changes w'ere encountered in the myocardium 
of Cases 2 and 5. These changes wmre characterized by a dilatation 
of capillaries which w^ere filled with neutrophils and perivascular 
infiltrations. These latter consisted of varying numbers of neutro- 
phils and IjTOphocytes. In Case 2, in addition to these changes, a 
few fields show'ed more diffusely infiltrating inflammatory cells 
w'hich were still confined to the interstitial spaces and consisted 
principally of lymphocytes and neutrophils. The myocardial fibers 
show'ed varying degrees of cloudy sw’elling, with a tendency toward 
coalescence of the fibers. The endocardium was normal. The peri- 
cardium in Case 2 sho-w'ed only a few foci of lymphocjTes. 

The changes in Cases 3, 6 and 7 -w'ere somewhat more severe. 
Though foci of perivascular infiltrations of neutrophils were still 
frequently encountered, the principal inflammatory cells w'ere mono- 
cytes and cells of the tjqDe frequently described as adventitial cells. 
Often the latter formed tjqiical “collars” around minute blood- 
vessels. In those fields where the inflammation w'as more diffuse, 
the predominating cell -was the lymphocyte; a few neutrophils were 
also seen. In a few instances small foci of Ijunphocytes, separated 
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by extravasated red blood corpuscles, were noted just beneath the 
endocardium. The muscle fibers were occasionally slightly swollen 
and, in places, had lost their striations. However, in general the 
individual muscle fibers were well preserved. Occasionally it was 
noted in the sections of the myocardium that the individual fibers 



Fig. 4. — Case 2. Myocardium. Note the coalescence of muscle fibers and the 
more diffuse infiltration of neutrophils and lymphocytes. (Hematoxylin-eosin; 
X 180.) 

Fig. 5. — Case 6. Myocardium. Note the perivascular infiltration of lymphocytes 
and a few endothelial leukocytes. (Iron-hematoxylin-eosin; X 300.) 


of some of the larger nerve branches which were found adjacent to 
the branches of the coronary arteries, were spread by an edema-like 
material. None of the sections of the myocardium showed any 
bacteria or inclusion bodies. 
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In summary, the myocarditis as present in these instances of 
poliomyelitis was characterized by foci of perivascular infiltrations 
of lymphocytes and neutrophils. Monocytes were also present in 
some instances, and there was a multiplication of adventitial cells. 
Occasionally inflammatory cells were seen diffusely invading the 
interstitial tissues. Minute foci of lymphocytes were also seen just 
beneath the endocardium. The muscle fibers showed little degen- 
erative change. 

Comment. Pathologic evidence of myocarditis of varying degree 
was found in 6 of 7 instances of poliom3mlitis. Clinicallj’^, this com- 
plication was not suspected. 

Although mjmcarditis may and does occur as the result of ^"arious 
acute infectious processes, the belief is now commonlj" expressed 
that with the exception of rheumatic fever, other infectious diseases 
rarel}’’ produce any serious changes in the m3mcardium. In view of 
this, it is interesting that in 7 patients dying either in the acute 
stage or some time after the acute stage of poliom3^elitis, pathologic 
evidence of m3'ocarditis was found in 6 of the cases. This is par- 
ticularly noteworth3^ because as far as we have been able to find out, 
m3'ocarditis in poliom3’elitis has received no attention. 

There was no correlation between the length of time the disease 
had existed or the apparent severity of the infection and the degree 
of m3’ocarditis found. 

From a review of these clinical records it is e\'ident that no 
definite criteria can be laid down for the diagnosis of acute m3'’0- 
carditis in poliom3''elitis since it often runs its course without pro- 
ducing an3’’ s3"mptoms which ma3'^ make diagnosis possible. 

Although there are no characteristic S3'mptoms, m3mcarditis ma3’' 
be suspected if the patient suddenl3' becomes worse and begins to 
fail rapidly without apparent reason. Often he ma3'^ become restless 
and the heart action ma3' be disturbed. Brad3’^cardia ma3" occur 
but the heart rate is usualb' rapid and an3" of the forms of irregu- 
Iarit3' ma3’’ appear. The pulse is feeble and reflects the irregularit3" 
of the heart. The blood pressure is usuall3’’ diminished and there 
ma3' be an increase in the size of the heart. Tachycardia, out of 
proportion to the temperature, particularh’- if accompanied b3" 
C 3 'anosis, is an earh’- sign that ma 3 ’' direct attention to the m 3 m- 
cardium during the course of an acute infection. This was present 
in 3 of our patients. Though some of these S3TOptoms and signs 
ma3' be associated with poliom3'elitis per sc (Faber^), from this 
stud3% m3'ocardial involvement must also be considered. 

Because of the extremel3’' high incidence of m3mcarditis in this 
series, it is clear that the possible occurrence of m3'ocarditis during 
the course of polioin3’eIitis should be borne in mind. The advisa- 
bilit3' of supportive measures in such cases is imperative. 

A number of patients with poliom^-elitis, particularh’ of the bul- 
bar t3*pe, die from bronchopneumonia. Among these 7 patients, 
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4 had pneumonia. In 1 patient (Case 1), the pneumonia was dif- 
fuse and in parts organizing. This was the only patient who did 
not have myocarditis. Another patient (Case 4) had a terminal 
bronchopneumonia, and the others (Cases 2 and 3), an early 
bronchopneumonia. One patient (Case 6) showed no evidence of 
pneumonia at autopsy. However, in this patient the most severe 
myocarditis was found. The question arises as to whether or not 
the bronchopneumonia in Patients 2, 3 and 4 might have been the 
source of the myocarditis. In this connection, it must be pointed 
out that true myocarditis in bronchopneumonia is rather unusual. 
Among Stone’s® cases leukocytic and round cell infiltration was 
found in 10.8%, and interstitial myocarditis in 2.7 %. In our series. 
Case 1, with the most severe and organizing bronchopneumonia, 
showed no change in the myocardium and Case 6 with the most 
severe myocarditis showed no bronchopneumonia. Although from' 
the histologic picture, the bronchopneumonia cannot be ruled out 
as the possible source of the myocarditis, from the evidence this 
does not seem to be likely. 

The perivascular infiltrations as described above are definitely 
not characteristic of rheumatic myocarditis. There was no evi- 
dence of early fibrinoid deposits. Though the inflammatory cells 
were often perivascular in distribution, neither the characteristic 
Aschoff cells nor multinucleated cells were encountered. The his- 
tories of these patients also gave no indication of anything that 
could be interpreted as recent or older attacks of rheumatic fever. 
From the findings at our disposal a possible coincidental rheumatic 
myocarditis can easily be ruled out. 

It should be pointed out that Herzog and Rodriguez® in their dis- 
cussion of myocarditis in typhus, described among other cells, the 
accumulations of adventitial cells around blood-vessels. They also 
stressed the rarity of degenerative changes. It is interesting that 
these changes are somewhat similar to those seen in the myo- 
cardium of some of our patients with poliomyelitis. Whether or 
not this indicates that these myocardial changes are characteristic of 
virus diseases in general cannot be answered at this time. More 
careful studies of the rnyocardium of patients dying from virus dis- 
ease are essential before it can be decided whether or not virus 
disease causes a definite, clear and characteristic myocarditis. 

. Patients 3, 6 and 7 died rather suddenly. Patient 6 was ill only 2 
days when he suddenly developed pulmonary edema and tachycardia 
and died 1 hour after having been admitted to the hospital. Patients 
3 and 7 seemed to be making good recoveries from poliomyelitis when 
they suddenly took a “turn for the worse” and succumbed. It is 
noteworthy that these 3 patients showed the more severe myocardi- 
tis. It is possible that the sudden death in these 3 patients may be 
linked to the myocarditis. 
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Summary. Seven patients with poliomyelitis are reported, 6 of 
whom showed evidence at autopsy of varying degrees of myocarditis. 
Clinically, myocarditis could have been suspected in 3 patients 
because of a sudden “turn for the worse” without apparent cause, 
coincident with a rise in pulse rate and cyanosis. The myocarditis 
was characterized histologically by foci of perivascular infiltrations 
of lymphocytes and neutrophils. Foci of Ij'mphocytes were also 
seen just beneath the endocardium. Though the number of inflam- 
matory cells was never very large in any one area, they were present 
in many blocks cut from different parts of the myocardium. The 
relation of the myocarditis to the bronchopneumonia which was 
present in 4 of the 7 patients is discussed. The high incidence of 
myocarditis in this series warrants the consideration of supportive 
measures. The sudden death of 3 of these patients may be attributed 
. to the myocarditis. 
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AGE, SEX AND RACE RELATIONSHIPS OF AURICULAR 
FIBRILLATION. 

By Curtis F. Garvin, M.D., 

assistant professor of medicine, school of medicine, western reserve uni- 

VERSm*; VISITING PHYSICIAN, MEDICAL SERVICE, CLEVELAND CITY HOSPITAL, 

CLEVEUAND. OHIO. 

(From the Department of Medicine of Cleveland City Hospital and the Western 
Reserve University School of Medicine.) 

The evidence as to the role of age and sex in the etiology of auricu- 
lar fibrillation is contradictory. Brilfl states that "the heaviest 
age incidence is in the third and fourth decades in the valvular 
group, and in the sixth and seventh decades in the non-valvular 
group.” Lewis® vvites that in the non-rheumatic group auricular 
fibrillation is “related to advancing years” but that in the rheumatic 
group the incidence "lightens as the years mount.” On the other 
hand, de la Chappelle® found that “auricular fibrillation in rheu- 
matic heart disease is encountered with greater frequency in persons 
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past middle life.” DeGraff and Lingg'* reported that in rheumatic 
heart disease the ^‘age at death waSj on the average, higher when 
auricular fibrillation existed than when the sinus rhythm was 
present.” 

In regard to sex incidence, Stroud, Laplace and Reisinger'^ were 
“inclined to believe that auricular fibrillation reall}^ predominates 
significantly in the male.” In non-rheumatic autopsied cases in 
which auricular fibrillation had been present, Brown^ found that 
“males predominated over females in a proportion of two to one.” 
White® likewise found that “the sexes are unequally affected by 
auricular fibrillation, about twice as many males as females showing 
this arrhythmia.” Codkson,® on the other hand, discovered exactly 
the opposite. And finally, DeGraff and Lingg^ reported that in 
rheumatic heart disease, auricular fibrillation occurred with “ about 
equal frequency among males and females.” 

I have been unable to find any studies in regard to the influence 
of race upon auricular fibrillation. 

This present study of auricular fibrillation is based upon the 
clinical and pathologic records of 790 consecutive, adult patients 
who died of heart disease. These cases occurred in 6,548 consecutive 
postmortem examinations done at Cleveland City Hospital in the 
decade from January, 1930, to December, 1939, inclusive. Chronic 
auricular fibrillation was present in 182 cases. The diagnosis of 
auricular fibrillation was made clinically and was corroborated 
usually by electrocardiographic findings. 

Hypertensive Heart Disease. There were 264 patients who died 
primaril}'- of hjqiertensive heart disease. Of these, 207 had a normal 
cardiac mechanism and 57 had auricular fibrillation. The 207 
patients with a normal cardiac mechanism included 144 males 
(69.6%) and 63 females (30.4%). The 57 patients with auricular 
fibrillation included 34 males (59.6%) and 23 females (40.4%). 
The difference is not statistically significant when tested by the chi 
square method. 

The 207 patients with normal cardiac mechanism consisted of 
128 white (61.8%) and 79 colored patients (38.2%). The 57 pa- 
tients with auricular fibrillation included 40 white (70.2%) and 
17 colored patients (29.8%). Again the difference is not a sig- 
nificant one. 

The age in years at death of the 207 patients with a normal 
mechanism and of the 57 patients with auricular fibrillation appears 
in Table 1. The average age at death of the patients with a normal 
cardiac mechanism was 52.8 years, the standard error being ±0.83. 
The average age at death of the patients with auricular fibrillation 
was 62.3 years, the standard error being ±1.4. The standard 
error of the difference between these two averages is 1.63. The 
actual difference, 9.5 years, is 5.8 times this standard error, an indi- 
cation that the difference is a highly significant one. It appears 
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that it can be concluded that in fatal hj'pertensive heart disease, 
auricular fibrillation is found in the older patients. 


Table 1. — The Frequency Distribution or Deaths op Patients From, 1, 
Hypertensive Heart Disease With Normal- Cardiac Mechanism and, 

2, Hypertensive Heart Disease With Auricular Fibrillation. 


Hypertensive heart Hjnpertensive heart 
disease with normal disease with auric- 


Age (yrs.). 

cardiac mechanism. 

ular fibrillation. 

Total. 

15-19 . . . 

. . . . 1 


1 

20-24 . . . 

. . . . 1 


1 

25-29 . , . 

. . . . 2 


2 

30-34 . . , 

. . . . 12 


12 

35-39 . . . 

. , . 12 

3 

15 

40-44 . . . 

.... 20 

1 

21 

45-49 . . . 

. . . . 28 

1 

29 

50-54 . . . 

. . . 36 

6 

42 

55-59 . . . 

. . . . 33 

11 

44 

60-64 . . . 

, . . . 24 

8 

32 

65-69 . . . 

. . . . 24 

11 

35 

70-74 . . . 

.... 9 

8 

17 

75-79 . . . 

. . . . 4 

7 

11 

S0-S4 . . . 

. . . . 1 

1 

2 


207 

57 

264 


Coronary Heart Disease. There were 177 patients who died pri- 
marily of coronary heart disease. Of these, 142 had a normal 
cardiac mechanism and 35 had auricular fibrillation. The 142 
patients with a normal cardiac mechanism consisted of 116 males 
(81.7%) and 26 females (18.3%). The 35 patients with auricular 
fibrillation included 24 males (68.6%) and 11 females (31.4%), a 
difference which is not significant. 

The 142 patients with a normal cardiac mechanism included 
124 white (87.3 %) and 18 colored persons (12.7 %) . The 35 patients 
with auricular fibrillation were white in 34 instances (97.1%) and 
colored in 1 instance (2.9%). This difference is not significant. 

The age in years at death of the 142 coronary patients with a 
normal cardiac mechanism and the 35 patients with auricular 
fibrillation appears in Table 2. The average for those with normal 
cardiac mechanism was 59.8 years (standard error =±=0.96). For 
those with auricular fibrillation it was 69.1 years (standard error 
=±=1.6). The standard error of the difference between these two 
averages is 1.87. The actual difference, 9.3 years, is 4.97 times this 
standard error, an indication that the difference is a highlj= signifi- 
cant one. Accordingly, it would seem that, on the average, in fatal 
coronary heart disease, patients unth auricular fibrillation are apt 
to be older than those with a normal cardiac mechanism. 

Rheumatic Heart Disease. There were 119 patients who died pri- 
marily of rheumatic heart disease; 58 had a normal cardiac mecha- 
nism and 61 had auricular fibrillation. The 58 patients with a nor- 
mal cardiac mechanism included 33 males (56.9%) and -25 females 
(43.1%). The 61 with auricular fibrillation included 36 males 
(59%) and 25 females (41%), a difference which is not significant. 
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Table 2.— The Frequency Distribution of Deaths From, 1, Coronary Heart 
Disease With Normal Cardiac Mechanism and, 2, Coronary 
Heart Disease With Auricular Fibrillation. 


ge (yrs.). 

Coronary heart 
disease rvith normal 
cardiac mechanism. 

Coronary heart 
disease with auric- 
ular fibrillation. 

Total. 

30-34 . . . 

. . . . 2 


2 

35-39 . . . 

. . . . 4 


4 

40-44 . . . 

. . . . 8 


8 

45-49 . . . 

. . . . 16 


16 

50-54 . . . 

. . . . 13 

2 

15 

55-59 . . . 

. . . . 28 

6 

34 

60-64 . . . 

. . . . 14 

2 

16 

65-69 . . . 

. . . . 29 

7 

36 

70-74 . . . 

. . . . 15 

7 

22 

75-79 . . . 

. . . . 7 

6 

13 

80-84 . . . 

. . . . 5 

3 

8 

85-89 . . . 

. . . . 1 

2 

3 


— 

— 

— 


142 

35 

177 


The 58 with normal mechanism included 47 white (81%) and 
11 colored patients (19%). The 61 with auricular fibrillation con- 
sisted of 56 white (91.8%) and 5 colored patients (8.2%). This 
difference also is not significant. 


Table 3.— The Frequency Distribution of Deaths From, I, Rheumatic Heart 
Disease With Normal Cardiac Mechanism and, 2, Rheumatic 
Heart Disease With Auricular Fibrillation. 


ge (yrs.). 

Rheumatic heart 
disease with normal 
cardiac mechanism. 

Rheumatic heart 
disease with auric- 
ular fibrillation. 

Total. 

10-14 . . . 

. . . . 3 

j , 

3 

15-19 . . . 

. . . . 7 

5 

12 

20-24 . , . 

. . . . 4 

0 

4 

25-29 . . . 

. . . . 5 

4 

9 

30-34 . . . 

. . . . 6 

2 

8 

35-39 . . . 

. . . . 9 

10 

19 

40-44 . . . 

. , . . 3 

9 

12 

45-49 . . . 

, . . . 3 

9 

12 

50-54 . . . 

. . . . 5 

12 

17 

55-59 . . . 

. . . . 5 

3 

8 

60-64 . . . 

. . . . 5 

4 

9 

65-69 . . . 

. . , . 2 

2 

4 

70-74 . . . 

. . . . 1 

1 

2 


— 

— 

— 


58 

61 

119 


The average age at death of the 58 patients with normal mecha- 
nism and the 61 with auricular fibrillation appears in Table 3. 
The average for the former was 38.4 years (standard error =±=2.17), 
for the latter 44.2 years (standard error =±=1.66). The standard 
error of the difference between these two averages is 2.7. The 
actual difference, 5.8 years, is 2.1 times this standard error, an 
indication that the difference is probablj^ a significant one. Thus 
it can be concluded that in fatal rheumatic heart disease, as in fatal 
hypertensive and coronary heart disease, auricular fibrillation is 
found in older patients, while a normal cardiac mechanism usually 
is encountered in younger patients. 
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Summary. The a^'erage age at death of 207 patients with hyper- 
tensive heart disease and a norma! cardiac mechanism was 52.8 years, 
of 57 patients with hypertensive heart disease and aimicular fibrilla- 
tion 62.3 years. Patients with coronary heart disease and a normal 
cardiac mechanism (142) averaged 59.8 years at death; 35 patients 
with coronary heart disease and auricular fibrillation averaged 
69.1 years. Fifty-eight patients with rheumatic heart disease and 
a normal mechanism died at an average age of 38.4 years; 61 who 
had rheumatic heart disease and auricular fibrillation died at an 
average age of 44.2 j'ears. All these differences seem to be statisti- 
cally significant. It would appear that the average age at death 
of cardiac patients with auricular fibrillation is greater than the 
average age of cardiac patients rvith a normal cardiac mechanism. 

No association between auricular fibrillation and sex or race was 
demonstrable. 
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Coronary disease has been regarded as an affliction of the declin- 
ing years of life. Like all disease concepts, however, we are learning 
more and more that these so-called degenerative diseases can occur 
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in the earlier age groups. The literature contains an increasing 
number of case reports of coronary artery sclerosis and thrombosis 
occurring under 40 years of age. 

In this paper we are reporting a definite case of coronary artery 
thrombosis in a diabetic youth of 20 years, with a brief review of the 
literature emphasizing the relation between the abnormal cholesterol 
levels found in diabetes and the premature onset of coronary artery 
sclerosis. 

Case Report. The patient, J. D., a 20-year-old junior at Rutgers 
University, was first seen in the office of the University Physician on 
May 30, 1939, complaining of precordial pressure and dyspnea. The 
patient has been a diabetic since the age of 9. He is now controlled with 
diet and protamine insulin. Although the patient occasionally had shghf 
episodes of hypoglycemia on regular insulin he has been symptom-free on 
protamine. He had never experienced precordial pain, dyspnea, orthopnea 
or other evidence of congestive or anginal failure. Past history otherwise 
was negative. 

Two dais's before, the patient had gone swimming and had to swim some 
distance to reach shore. He then noticed that the dyspnea, which was 
present, remained for a much longer time than usual. However, he had 
no other complaints at that time. Two days later he began to notice a 
sense of discomfort, described as pressure, over his precordium and also 
dyspnea on slight exertion. This pressure did not radiate, was constant, 
and appeared to be aggravated after eating and exercise. No weakness, 
sweating or other signs of shock were present. The symptoms persisted 
and the patient reported to the Student Health Office. 

Examination revealed no evidence of any acute illness. The only sus- 
picious findings were referable to the heart. It was not enlarged, the 
P.M.I. being in the fifth intercostal space at the mid-clavicular line. The 
sounds were of fair quality. A soft systolic murmur was heard over the 
mitral area. This was not transmitted. No tlirill, gallop or friction rub 
was heard. The ventricular rate was 88 per minute, regular sinus rhythm, 
A2>P2. All other findings were negative save the eyegrounds which 
showed early tortuosity of the vessels with moderate atherosclerotic changes 
in the arteries. Blood pressure was 120/74. Urine examination revealed 
a trace of sugar but was otherwise negative. White blood count was nor- 
mal. An electrocardiogram revealed evidence of acute myocardial infarc- 
tion involving the posterior surface of the left ventricle. 

The patient was advised to go to bed, but as it was the end of the school 
year he returned home for the summer vacation. For the first month at 
home he was in bed under the care of his family physician and we did not 
have an opportunity to get in touch with him until the opening of college 
in September, 1939. At this time he appeared to have suffered no adverse 
effects from his illness. He had worked as a clerk during the summer, and 
had engaged in golf as a form of exercise. He had noticed, however, that 
after playing one or two holes he had to stop because of a sense of substernal 
pressure. which did not radiate, but was relieved by rest. Once or twice 
these attacks were accompanied by dizziness. Lately he noticed a return 
of this substernal oppression immediately after eating, disappearing sponta- 
neously within I hour. He never had any gastro-intestinal complaints 
prior to this episode. 

Examination revealed a slight enlargement of the heart to the left. The 
P.M.I. was outside the mid-clavicular line. The first apical sound was 
muffled and of poor quality. The systolic mitral murmur had become 
more pronounced and harsh. There were no other thrills or murmurs. 
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The ventricular rate was 80 per minute, re^lar sinus rh 3 i:hm, A2>P2. 
Blood pressure 116/72. Roentgenologic examination of chest showed mod- 
erate enlargement of left ventricle. Electrocardiographic examination at 
this time revealed regressive changes which were interpreted as evidence 
of healing. 

The patient was allowed to continue school and engage in sedentarj^ 
activities but was warned about overtaxing himself. Reexamination in 
Januarj”^, 1940, revealed stUl further regression in the electrocardiographic 
pattern. The patient was asjTnptomatic at the last time seen, save for 
occasional precordial pressure after eating too much. 

A blood cholesterol test taken in January, 1940, revealed 350 mg. per 
100 cc. with blood sugar of 100 mg. per 100 cc. Studies of the cholesterol 
fractions revealed a normal ratio. 

Surveying the literature on coronary thrombosis under the age 
of 40, we found a total of 221 cases. In this group 34 cases were 
below 30 and 4 were below 20 years of age. The incidence of this 
young group to the incidence of coronary thrombosis in general 
varies between 1 % and 9 %. "\^diite® found 3 % of 418 cases under 40. 
In Conner and Holt’s series of 287 eases, 8% were under 40 and 
1 % under 30. 

Our case is the fifth jmungest to be reported with electrocardio- 
graphic findings. Sprague and Orgaine® describe 2 cases at 15 
and 16 years proven at necropsy. The next youngest cases diag- 
nosed clinicallj- were a boy of 18 reported by Jamison and Hauser® 
and a woman of 20 reported by May.® In our case, the elevated 
blood cholesterol suggested an abnormality in cholesterol metabo- 
lism, found frequently in diabetes, as the cause of premature coronary 
sclerosis. 

The relationship of abnormal cholesterol metabolism to diabetes 
has long been known to be a close one. In the days of high fat 
diabetic diets it was quite usual to find hjqjercholesterolemia. To- 
day, however, this is not seen save in uncontrolled diabetics. Rabino- 
witch® believes that the blood cholesterol is more important than 
the blood sugar in the control of diabetes. He believes a hjqjer- 
cholesterolemia is one of the earliest signs of acidosis and never 
regards a diabetic as under control until the blood cholesterol is 
normal. There have been isolated case reports in the literature of 
diabetics who have died of coronary disease at a young age where 
the blood cholesterol reached extreme heights. Such a case was 
reported by Cullinan and Graham.® A 27-year-old diabetic on a 
low carbohydrate, high fat diet developed precordial pain, fever 
and leukocj'tosis. The electrocardiogram suggestive of infarction 
of the anterior wall was confirmed at necropsy. There was severe 
atheromatosis in this patient. The cholesterol content of the dried 
aorta was 5.86% in comparison to a control with a value of 0.64%. 

The imbibition theory of arteriosclerosis, introduced Iw' "S'irchow 
and modified by AschoftV may or may not be the correct theory but 
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Fig. 1.— Electrocardiograms during and after myocardial infarction (post, left vent.). 
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it certainly applies to the conditions met in diabetes. Here we have 
the arteriosclerotic process accelerated and the presence of a high 
blood cholesterol, which Aschoff was the first to emphasize, playing 
a fundamental role in the pathogenesis of atherosclerosis. As 
Leary^“’* has shown, the atherosclerotic process can begin in the 
young as well as the old, and in young diabetics with hj-percholes- 
terolemia, it is easy to see why marked atheromatous changes occur. 
As a rule the vessels most subject to these changes are those under 
the greatest physiologic strain and for that reason the coronary 
vessels are among those most frequently involved, chiefly the ante- 
rior descending branch of the left coronary artery. 

Root and Sharkey,'^ in a study of 175 cases of diabetes which came 
to necropsy, found the coronary arteries to be the most common site 
of arteriosclerosis in over 75 % of the cases. Severe coronary disease 
was found in 47% with coronary thrombosis in 20%, whereas in the 
control group severe coronary disease was found in 13% with only 
2% showing coronary thrombosis. An interesting conclusion from 
the above study was that arteriosclerosis was related to the duration 
of the diabetes rather than the age of the patient or the severity of 
the diabetes. No coronary sclerosis was found in any diabetic of 
less than 5 years’ duration, regardless of the severity. Further, in 
the group under 40 years of age, the incidence of arteriosclerosis in 
diabetes of short duration was no higher than in non-diabetics. 
Further perusal of the literature shows this to be a constant finding. 
Another statistical fact which supports this belief is that the incidence 
of the anginal syndrome triples in the second decade of diabetes but 
not before. 

These excerpts from the literature further stress the intimate 
relationship between diabetes, abnormal cholesterol metabolism and 
early onset of coronary sclerosis. Further studies along such lines 
are indicated to clarify these problems. 

Summary. 1. A case of coronary thrombosis in a diabetic youth 
of 20 years is presented. 

2. The relationship of cholesterol metabolism to diabetes and the 
premature onset of coronary disease is briefly discussed. 
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We are presenting the clinical, bacteriologic and pathologic find- 
ings in the second proved case of brucella endocarditis treated at 
the University Hospitals. The first case was reported in 1939 with 
a review of the literature.^ Since then. Smith and Curtis^ have also 
recorded a case. 

Case Report. W. M., a 36-year-old white male farmer, entered the Uni- 
versity Hospitals on September 4, 1940, after an illness of 3 weeks’ duration. 
He complained of daily chills, and fever, drenching sweats, weakness and 
loss of weight. He had had rheumatic fever 20 years previously and was 
told subsequently that he had “leakage of the heart.” 

While being examined, he had an attack of syncope, which was followed 
by aphasia and a flaccid paralysis of the right arm and leg. He was well 
developed and nourished. The pulse rate was 84 per minute and regular; 
temperature, 98.6° F., respiratory rate 20 per minute; blood pressure 120/75. 
Eyes: there was a ptosis of the left lid; at rest, the left eye looked down- 
ward and out; the left pupil was larger than the right, but both reacted to 
light and accommodation; no petechise were seen in the conjunctivse; the 
fundi appeared normal. Mouth: the jaw deviated to the left; the tongue 
protruded to the right; the teeth were carious. Lungs: clear. Heart: 
the apical impulse was visible in the sixth interspace in the anterior axillary 
line; no definite thrills were palpable; on auscultation the sounds were 
regular and of good quality; at the apex a blowing systolic murmur was 
audible, and was transmitted to the left axilla; in the second right inter- 
space, a systolic murmur was present, which was transmitted into the nepk 
vessels; a diastolic murmur was also heard in this area, which reached its 
maximum intensity in the third and fourth interspaces at the left sternal 
border; the second pulmonic sound was loud and snapping. Abdomen: 
the liver edge was palpable 2 cm. below the costal margin; the lower border 
of the spleen was palpated at the costal margin. 

Initial laboratory data included the following: urinalysis normal; hemo- 
globin 11.4 gm.; leukocytes 6000 cells per c.mm., with 75% neutrophils, 
22% lymphocytes, and 3% monocytes; serologic tests of the blood serum 

* Presented before the Minnesota Society of Internal Medicine, Minneapolis, 
May 24, 1941. 
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for syphilis were negative; the sedimentation rate of the erythrocytes was 
47 nun. in the first hour and 70 nun. in the second hour (Westergren). 

It was the consensus that the patient had aortic stenosis and regur^ta- 
tion, and very likely mitral stenosis and regurgitation. The basic vabmlar 
lesions were thought to be of rheumatic origin with bacterial vegetations 
superimposed upon the healed vahmlitis. 

Course and Treatment. The patient continued to have daily chills with a 
maximum rise in his temperature of 102° to 104°. Six cultures of venous 
blood made during the first 16 hospital days remained sterile. Complete 
examination of cerebrospinal fluid was within normal limi ts. Nineteen 
urinalyses were normal. Two weeks after entry, agglutinins for B. meliten- 
sis var. abortus were present in the serum on 4 occasions in a titer of 1 to 1280. 
An intradermal test with brucella antigen showed no reaction and was 
performed after the results of the agglutination test were known. A total 
of eight samples of venous blood tvere obtained over a period of 9 weeks. 
Brucella of the abortus type was isolated from 7 of these 8 specimens. It 
was later learned that the patient’s cattle had Bang’s disease and he had 
consumed raw milk from this source. 

He was given sulfathiazole, receiving a total of 31 gm. in 6 days. The 
blood concentration of sulfathiazole was 3 to 4 mg. per 100 cc. T his 
therapy had no eflfect upon his climcal course or the bacteremia. On the 
twenty-sixth day of hospitalization, sulfanilamide therapy was instituted. 
He received a total of 67 over a period of 12 days with blood levels of 
7 to 11 mg. per 100 cc. being sustained. Coincident with the exhibition of 
sulfanilamide, there was a general improvernent in his condition but 
brucella were still isolated from his blood during this period. Following 
the discontinuance of chemotherapy, the patient’s temperature began to rise. 
On two subsequent occasions, he again received sulfanilamide. During 
one period of 19 days he received 108 gm. with coincident clinical improve- 
ment. At another period, 61 gm. were given over a period of 11 days, this 
time without clinical improvement. He became progressively more dysp- 
neic, cyanotic, and signs of pulmonary edema appeared. He expired on 
the ninety-first day after entry to the hospital. 

Necropsy. Gross Findings. Peritoneum: No evidence of peritonitis 
or ascites. Pleural cavities: firm, fibrous adhesions at both apical regions. 
The right pleural cavity contained 2 liters of a straw-colored fluid and the 
left cavity had 1 liter of a similar fluid. Pericardial sac: walls glistening 
with 300 cc. of a straw-colored fluid present. Heart: weight 625 gm. The 
musculature was firm. There was a dOatation of all the chambers with a 
definite hypertrophy of the wall of the left ventricle. There were no 
thrombi present, and there was no evidence of myocardial fibrosis. The 
pulmonai^’^ valve appeared normal. The tricuspid and mitral valves were 
dilated. The diameter of the mitral valve was 2.25 cm. The chordae 
tendinae were thickened and shortened. There was a definite nodular, 
fibrous thickening of the edges of the mitral valve representing a healed 
vahmlitis. About three-fourths of the entire peripherj^ of the mitral valve 
was covered by large, irregular, friable, brovmish-red vegetations. The 
vegetations were mainly on the atrial side of the mitral valve, and had 
caused an erosion 1 cm. in diameter through one leaflet. The chorda? 
tendince were also covered with vegetations. The aortic valve was stenotic 
with the diameter of its aperture being 1.5 cm. The edges of the leaflets 
were thickened by a nodular and fibrous tissue change. Some of the 
nodules contained calcium. The coronarj’^ arteries appeared normal. 
Lungs: the right weighed 1150, and the left 800 gm. There was a marked 
and generalized congestion of the substance of both lungs. The right upper 
lobe, particularly the superior one-half, was consolidated. On section, this 
lobe' varied from a graj" appearance to a reddish discoloration. Purulent 



SPINK, TITRUD, KABLER: BRUCELLA ENDOCARDITIS 799 

exudate was present in the lung substance and could be expressed from the 
smaller bronchi. Spleen weight 650 gm. The organ was soft, red, and 
congested with two large infarcts present. Liver: weight 1800 gm. Firm 
and possessed a nutmeg appearance. Kidneys: each weighed 200 gm. 
Cloudy swelUng apparent. Capsules were markedly adherent with evi- 
dence of old infarction present. Brain: there was an area of softening 
occupying the cortex of the left temporal and postero-inferior portion of 
the frontal lobe. The lumen of the left middle cerebral artery was almost 
pinpoint in size shortly after its origin from the internal carotid artery. 

Microscopic Findings. Heart: there was a diffuse infiltration of lym- 
phocytes with occasional neutrophils in the connective tissue adjacent to 
the muscle fibers. Within the connective tissue surrounding the small 
arteries, there were accumulations of similar types of cells. These infiam- 
matory foci had the appearance of Aschoff nodules. The entire section 
represented a subacute myocarditis. Some of the small arteries were par- 
tially occluded by homogenous eosin-staining bodies resembling emboli. 
The coronary arteries were within normal limits. The aortic leaflet 
possessed a fibrous nodular thickening and was essentially acellular. The 
mitral valve was also the site of a fibrous nodular thickening. An area of 
calcification was apparent in the middle of the leaflet. Loosely attached 
to the surface of the mitral leaflet was a large irregular vegetation composed 
of loose fibrous tissue containing numerous neutrophils, lymphocytes, and 
fibroblasts. A great portion of the vegetation was composed of amorphous 
eosin-staining protein representing cellular debris, platelet thrombi and 
bacteria. Lungs: sections from the consolidated portion revealed an 
extensive atelectasis. The exudate in the walls of the compressed alveoli 
consisted mostly of mononuclear cells such as macrophages and lympho- 
cytes, with a scattering of neutrophils. Several sections from other parts 
of the lung showed only a few dilated alveoli. Some alveoli were congested 
with numerous erythrocytes; large macrophages containing brown granules; 
and partially filled with coagulated eosin-staining serum. Pleurae: Both 
were thickened and replaced by an acellular fibrous layer. Liver: there 
was a marked engorgement of the sinusoids at the centers of the lobules 
with erythrocytes, and distention of the central veins. A moderate atrophy 
of the central liver cords had occurred. Dark brown granules were present 
in the central liver cells. A few neutrophils were present in the center of 
the lobules. A diffuse mild fatty metamorphosis had taken place. Kid- 
neys (hematoxylin-eosin and azo-carmine stains) : glomeruli were enlarged 
and very cellular. Most of the cells were mononuclear leukocytes. The 
capillary basement membrane was swollen. There was a minirnal intimal 
atherosclerosis of the small arteries. Ljrniph nodes from the hilar region: 
there was a generalized increase of reticulum. Numerous large macro- 
phages were filled with hemosiderin granules. Spleen : a moderate conges- 
tion with erythrocytes was present. A reticular hyperplasia was apparent 
with occasional large mononuclear cells seen in the sinusoids. There were 
only a few neutrophils. A mild fibrosis of the pulp was apparent. Brain : 
the lumen of the left middle cerebral artery was almost completely occluded 
by a thickened intima composed of proliferating fibroblasts and prominent 
capillaries. The elastic lamina was prominent. No inflammatory reaction 
was apparent. Extensive areas of cerebral tissue were replaced by fat 
granule cells. 

Bacteriologic Data. Blood cultures: bacto tryptose broth with 1% 
sodium citrate was used. Venous blood (5 cc.) was introduced into 25 cc. 
of the broth contained in large vaccine bottles. Under sterile precautions, 
10% of the air in the bottles was replaced by carbon dioxide. Incubation 
was then carried out for 5 days at 37° C. Subcultures were made at the 
end of 5 and 15 days on dextrose agar slopes which were also incubated in 
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the presence of increased carbon dioxide tension. Organisms isolated in 
this manner proved to be Gram-negative, pleomorphic bacilli, growing onfy 
in the presence of increased carbon dioxide tension. The organisms did 
not ferment dextrose, saccharose, lactose, or mannite, and were agglutinated 
in high titer by antibrucella serum. Spinal fluid: no organisms were 
isolated from the cerebrospinal fluid obtained on eighth' hospital day. 
Necropsy material: smears were made upon glass slides directly from the 
soft vegetations of the mitral valve and stained by Gram’s method. Micro- 
scopic examination revealed myriads of Gram-negative, pleomorphic bacifli 
ha-^dng the morphologic appearance of brucella. Specimens of pericardial 
and pleural fluid and heart’s blood were added to tryptose broth. After 
5 days of incubation, subcultures were made on dextrose agar slopes and 
at the same time a portion of the cultured fluids was injected intraperi- 
toneally into guinea pigs. 

Fresh sections of spleen, liver, valve vegetation, hilar lymph nodes and 
lung were macerated in sterile physiologic sodium chloride solution, and 
then added to tryptose broth. After 5 days of incubation, dextrose agar 
slants were inoculated and material injected into guinea pigs. The animals 
were sacrificed at the end of 4 weeks. Under sterile precautions, sections 
of the animals’ spleens were smeared on dextrose agar slopes and the latter 
incubated. Fermentation and agglutination studies were carried out with 
suspected organisms isolated from each animal. The results of the post- 
mortem bacteriologic studies are presented in Table 1. 

The final diagnoses were: brucellosis; subacute brucella endocarditis; 
subacute myocarditis; old rheumatic heart disease with mitral stenosis and 
aortic stenosis and regurgitation; embolism to left middle cerebral artery 
and left parietal encephalomalacia; mononuclear pneumonia; pulmonarj' 
edema and congestion; infarction of the kidneys and spleen; subclinical 
glomerulonephritis. 


Table 1. — Results of Postmortem Bacteriologic Studies. 


* specimen. 

Dextrose agar. 

Tryptoss broth. 

Guinea pigs. 

Spleen 

Br. abortus 

S. albus 

Br. abortus* 

Liver 

Br. abortus 

S. albus 

Br. abortus 

Heart vegetation . 

Br. abortus 

Br. abortus 

Br. abortus 

Hilar lymph nodes 

S. albus 

S. albus 

Br. abortus 

Lung 

S. albus 

S. albus 

Br. abortus 

Pericardial fluid 

Br. abortus 

S. albus 

Br. abortus 

Pleural fluid .... 

S. albus 

iS. aihus 

No growtht 

Heart's blood .... 

Br. abortus 

Br. abortus 

Br. abortus 


* Guinea pig inoculated with suspension of spleen December 4, 1940; died Decem- 
ber 31, 1940. Cultures of spleen from this animal were overgrown i\dth staphylo- 
cocci and spore-formers. Br. abortus was isolated from the spleen of a guinea pig 
inoculated December 9, 1940, with a portion of culture in tryptose broth. 

t In addition to the animal inoculated directlj' -n-ith pleural fluid, a guinea pig 
was inoculated December 9, 1940, with a culture of pleural fluid in trjTitose broth. 
Br. abortus was not found in either of these animals. 

Comment. This report emphasizes the necessity of using special 
cultural methods in order to prove the diagnosis of brucellosis. 

Another point of interest is the type of cellular infiltration which 
was noted in the lungs and kidneys. The exuidate was composed 
for the most part of mononuclear cells rather than neutrophils. 
Another feature was the tissue change apparent in the myocardium. 
It was not unlike that seen in acute rheumatic fever. We have no 
reason to believe that the patient had acute rheumatic fever in 
addition to his brucella infection. 
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Finally, therapy with sulfathiazole and sulfanilamide had no 
effect upon the patient’s bacteremia. Administration of the latter 
drug coincided with only temporary improvement in the patient’s 
condition. We have successfully treated 3 patients with sulfan- 
ilamide having a brucella bacteremia without endocarditis. As we 
have pointed out elsewhere,- treatment of an3'^ bacterial endocarditis 
with the sulfonamide compounds is accompanied by disappointing 
results because of the very nature of the focus of infection. 

Summary. 1. The clinical, pathologic, and bacteriologic data 
are detailed for a patient with brucella endocarditis. 

2. The patient received a total of 31 gm. of sulfathiazole and 
236 gm. of sulfanilamide. This therapy had no effect upon the bac- 
teremia, and onl.y temporary clinical improvement was observed. 
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PERSISTENT TACHYCARDIA AND PULSE-TEMPERATURE 
DISPROPORTION: RELATION TO ACUTE 

MYOCARDIAL LESIONS. 

By James R. Lisa, M.D., 

PATHOLOGIST, 

Cyril Solomon, M.D., 

FORMER RESIDENT PATHOLOGIST, 

AND 

David Eckstein, M.D., 

RESIDENT PHYSICIAN, FIRST MEDICAL DIVISION, 

NEW YORK, N. Y. 

(From the City Hospital, Welfare Island, Department of Hospitals.) 

It has long been known that the pulse during sleep is slower than 
during waking hours. It has also long been known that accelera- 
tion occurs with cardiac insufficiency and that this acceleration 
persists during sleeping hours. This fact has been employed par- 
ticularly in the study of the rheumatic heart^'^’® and in coronary 
arterjr disease. It has likewise been established that in fevers, for 
each degree of temperature above normal, a rise in the pulse rate of 
8 to 10 points can be expected.^ The mechanism producing the 
abnormal acceleration of the rate has remained obscure. As far 
back as 1914, Mackenzie raised the question whether it was caused 
by a myocardial lesion, by nerve stimulation from inflamed tissue 
or by increased irritability of the cardiac muscle. During the past 
several years, it has been frequently observed that pathologic con- 
ditions are present in the heart in cases displaying a tachycardia 
out of proportion to the temperature when cardiac disease may or 
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may not been the prominent feature of the clinical syndrome. 
This observation led us to study a group of such cases. 

In 100 hearts from cases having a persistent tachycardia and dis- 
crepancy between the rate of the pulse and the height of the tem- 
perature, demonstrable acute injurj^ to tlie myocardium was found 
in 81 . In 98 cases in which the discrepancy was lacking, the number 
of instances with acute myocardial changes was 21. These observa- 
tions suggest that the relationship between the pulse and tempera- 
ture offers a valuable clinical guide to the presence or absence of 
myocardial disease. 

Only those cases were chosen for analysis in which the discrepancy 
was present for 48 hours or more and persisted both day and night. 
Certain types of cases were eliminated from consideration, auricular 
fibrillation, acute massive non-cerebral hemorrhage, hj^perthyroid- 
ism, surgical shock and infants. The arrhythmia prevents the 
development of the phenomenon in the first and tachycardia is a 
natural result in the others. Infants present a problem which 
deserves separate study. The control cases also were chosen only 
if under observation 48 hours or more. Although the time limit 
set in the choice of material prevented the use of strictlj^ consecutive 
cases, all necropsies were performed within the past 2| years. 

The ages ranged from 11 to 83 years. There were 51 men and 
49 women. The blood pressure of 58 patients was within normal 
limits; of 12, slightly raised (140-170 systolic, 90-100 diastolic); of 
14, moderately high (170-200 sj'stolic, 100-140 diastolic); and of 8, 
very high (200 systolic, 140 diastolic or greater). 

The weights of the test hearts were on an average not much 
increased. Sixty-two weighed less than 400 gm., 30 between 400- 
600 gm., 4 over 600 gm.; 4 were not weighed. 

Coronary sclerosis was present in about half the cases. It was 
marked in 18, moderate in 26, slight in 16 and absent in 40. 

The gross necropsy findings in 36 of the hearts were acute infarc- 
tion of the myocardium with or without thrombosis, 14; rheumatic 
heart disease, 6; metastatic carcinoma, 6; acute endocarditis, 4; 
acute pericarditis, 4; sj'philitic aortitis and vahmlitis, 2. One case 
of acute endocarditis was superimposed on a healed rheumatic 
deformity', another on a congenital lesion. One of the metastatic 
tumors had acute pericarditis. 

The histological findings were much more revealing. Of the 
6 rheumatic hearts, acute rheumatic myocarditis was present in 4, 
twice complicated with acute non-rheumatic endo- and myocarditis. 
Two cases had only the superadded non-rheumatic myocarditis. 
Two other cases were discovered with many Aschoff bodies and nor- 
mal valves. All the cases of acute pericarditis and acute endo- 
carditis had associated acute myocardial lesions. In the 2 syphil- 
itics, a chronic granulomatous lesion possibly sj^ilulitic was present 
in 1 and an acute interstitial myocarditis in the other. 
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In the remaining 43 cases, an acute myocarditis with polymorpho- 
nuclear reaction was present in 22, acute miliary infarcts in 10, 
acute miliarj^ necrosis in 4, marked fragmentation without cell- 
ular response in 4, tuberculosis in 2, and multiple abscesses in 1. 

Cardiac symptomatologj'’ dominated the clinical features in 
29 cases. These were the 4 acute endocarditides, the 2 sj^philitic 
aortitis and valvulitis, 9 of the acute massive infarctions, 3 of the 
rheumatics, 4 each of the acute myocarditides and miliary infarc- 
tions, and 1 each of pericarditis, miliary necrosis and metastatic 
carcinoma. The last case was of peculiar interest. The clinical 
diagnosis was acute coronary thrombosis; the bronchogenic carci- 
noma was entirely unsuspected. 

Cardiac symptoms were absent or a very minor clinical feature 
in 52. Pyelonephritis was the most frequent complication found 
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Fig. 1. — Case of lobar pneumonia complicated with acute pericarditis 

and myocarditis. 

at necropsjq being present in 12, the acute pneumonias and pul- 
monary infections with bronchogenic carcinoma next in 8, and pul- 
monary tuberculosis in 5. Other infectious processes were present 
in most of the remainder. The most common of the cardiac con- 
ditions were acute myocarditis and miliary infarcts. 

Demonstrable lesions of the myocardium were absent in 19 cases. 
The anatomic diagnoses were pulmonary tuberculosis, 5; pneumo- 
coniosis, 1 ; thrombosis of the inferior vena cava and its tributaries, 3; 
intestinal obstruction, 4; chronic pyelonephritis, 2; hepatic cirrhosis, 
2; chronic ulcerative colitis, 1; brain tumor, 1. One case of pyelo- 
nephritis presented clinically as a cardiac case. 

The control group without a disproportion of pulse and tempera- 
ture consisted of 98 cases. The ages ranged from 29 to 94 years. 
Normal blood pressures were found in 38, slightly raised in 12, mod- 
erately raised in 17, and very high in 10. It was not recorded in 21. 
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There were 65 men and 33 women. Cardiac hj^iertrophy was more 
marked, although half the cases (44) had hearts weighing less than 
400 gm.; 42 weighed between 400 and 600 gm., and 8 weighed 
600 gm. or more. The weights of 4 were not recorded. Severe 
coronary sclerosis also was more prominent. Marked arterioscler- 
osis was present in 28, moderate in 20, slight or absent in 50. 

Acute myocardial lesions were present in 19 hearts. They were 
acute coronary thrombosis, 2; acute miliary infarctions, 5; inter- 
stitial myocarditis, 7, 3 with pericarditis; miliary abscesses, 3; 
tuberculous pericarditis, 1 ; and atj^iical Aschoff bodies, 1. ^ Two 
hearts had chronic lesions, chronic granulomatous myocarditis and 
amyloidosis. 
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Fig. 2.'— Case of severe pyelonephritis, uremia, acute pericarditis, and acute myo- 
cardial infarction. 

Cardiac symptoms, almost invariably of hypertensive character, 
dominated the clinical picture in 14 instances. Eight had acute 
myocardial lesion, acute coronary thrombosis, 2; tuberculous peri- 
carditis, 1; miliary infarctions, 3; interstitial myocarditis, 2. 

The associated lesions in the 13 non-cardiac cases with myocardial 
lesions showed some similarity to the series with the_ phenomenon 
of pulse-temperature disproportion. The anatomic diagnoses were 
pyelonephritis, 3; pulmonary embolism, 3; 1 each of cerebral throm- 
bosis, cerebral hemorrhage, pulmonary tuberculosis, staphylococcal 
septicemia, bronchogenic carcinoma, carcinoma of the esophagus 
and amyloidosis. In the case of pulmonary tuberculosis, atypical 
Aschoff bodies of the myocardium were found. The myocardial 
abscesses were found in 1 case of pyelonephritis with prostatic 
abscess, the staphylococcal septicemia and a cerebral hemorrhage 
associated with a streptococcal pneumonia. 
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Acute lesions were absent in 77. Six cases were clinically hyper- 
tensive cardiacs. Necropsy revealed marked hypertrophy and 
severe coronary sclerosis in 4, cerebral thrombosis in 1, and extensive 
pulmonary infarcts in 1. 

The pathologic findings of the other organs in the remaining cases 
was strikingly dift’erent in most respects from the group with the 
pulse-temperature disproportion. Cerebral lesions comprised the 
largest group, 18 in number, and included hemorrhages, thromboses, 
primary and secondary tumors, abscesses, and 1 case of skull frac- 
ture. hlalignant tumors ranked second with 16. Although many 
were of abdominal organs, only 1 caused intestinal obstruction. 
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Fig. 3. — Case of chronic active rheumatic heart disease, acute endocarditis, sep- 
ticopyemia, acute emboli of myocardial branches of coronary arteries and acute 
miliary infarctions. 

The other conditions were acute pneumonia, 12; pulmonary tuber- 
culosis, 6; acute peritonitis, ,4; pulmonary embolism, 3; pemphigus, 
3; hepatic cirrhosis, 2; and 1 each of cholecystitis, mesenteric throm- 
bosis, decubital ulcers, chronic pelvic abscess, Landry’s paralysis, 
pernicious anemia and glomerulitis. 

Tachycardia in pulmonary tuberculosis is frequent. Boas^ found 
that it occurred early and was often seen in the later stages. He 
believed it was a functional manifestation. He quoted Sewall and 
Head as explaining the tachycardia on a basis of a labile vasomotor 
system. In the present series, 10 cases showed the pulse-tempera- 
ture discrepaney; it was absent in 7. Acute myocardial lesions 
were found in 5 of the first and 1 of the second group. 

In intestinal obstruction tachycardia is known to be of almost 
constant occurrence. The explanation advanced by Ravdin and 
Abbott^ is that the increased cardiac rate is a compensatory mech- 
anism. Thej'^ believe that the increased intra-abdominal pressure 
on the great veins interferes with the return flow of blood to the 
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heart and that the heart therefore reacts by an increased rate. Six 
cases of the present series showed the phenomenon, of which 2 had 
acute myocardial lesions. Only 1 instance of obstruction was pres- 
ent in the group without the phenomenon. 

Ravdin’s explanation may also be applied to extensive venous 
thromboses of the inferior cava and its tributaries and to hepatic 
cirrhosis. In both conditions there is great interference with the 
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Fig. 4. — Case of hypertension with massive cerebral hemorrhage. 

return flow of blood to the heart. There were only 2 cases of venous 
thromboses, both with discrepancy, 1 with an acute myocardial 
lesion. Four cases of cirrhosis displayed the discrepancy, 2 did not. 
An acute rheumatic myocarditis was present in 1 of the 4. Lesions 
were absent in all the others. 

Brain lesions usually have a bradycardia.® Of the 22 cases with 
cerebral disease, only 1 had a disproportionally rapid pulse and myo- 
cardial damage was absent. Twenty-one had either a proportionate 
pulse or a bradycardia. There were 2 with cardiac lesions, acute 
miliary infarcts in 1, abscesses in the otlier. 

Summary and Conclusions. In cases with persistent tachycardia and 
disproportion between the pulse rate and temperature le^"e] the acute 
myocardial lesions were studied. In 100 cases presenting the phe- 
nomenon, acute lesions were present in 80, a chronic granulomatous 
lesion in 1. In 98 cases in which the phenomenon was absent, acute 
lesions were present in 19, a chronic granulomatous lesion in 1 and 
amyloidosis in 1. The relation between the pulse and the tempera- 
ture appears to offer a simple and valuable index to the presence 
or absence of acute myocardial damage in a high per cent of cases. 
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FREQUENCY OF BILATERAL RENAL DISEASE* IN PERSISTENT 

HYPERTENTION. 

By Joseph R. Kahn, M.D., 

SENIOR INSTRUCTOR IN EXPERIMENTAL PATHOLOGY, WESTERN RESERVE UNIVERSITY, 

AND 

Thomas C. Laipply, M.D., 

CHIEF RESIDENT IN PATHOLOGY, UNIVERSITY HOSPITALS AND INSTITUTE OF PATHOLOGY, 

WESTERN RESERVE UNIVERSITY, 

CLEVELAND, OHIO. 

(From the Institute of Pathology, Western Reserve University and The University 

Hospitals of Cleveland.) 

Experimentally produced unilateral renal ischemia causes 
hypertension in dogs® and monkeysJ“ The elevation of blood 
pressure does not persist indefinitely unless the other kidney is 
removed or unless the main artery of the other kidney is also con- 
stricted. The elevation of blood pressure produced by constriction 
of one renal artery in some rats,®* goats and sheep lasts for months 
without removal of the opposite kidney or constriction of its artery. 
The constriction of the main artery of only one kidney in animals pro- 
duces no elevation of blood pressure if its ureter is ligated. Unilat- 
eral renal disease in man may also result in a hypertension, which is 
persistent and may reach very high levels. There may be ocular 
changes with hemorrhage, exudation, edema, retinal detachment 
and blindness. With the removal of the ischemic kidney, both in 
animals® and in the blood pressure will return to 

its original level if the remaining kidney is normal. Tests of renal 
excretory function in experimentally produced renal ischemia or in 
arterial and arteriolar nephrosclerosis may be normal if the ischemia 
is of moderate degree. Before surgical removal of a diseased kidney, 
thought to be the cause of hypertension, all types of excretory renal 
function tests should be performed and intravenous as well as retro- 
grade pyelograms should be made on the opposite kidney as well, in 
order to rule out any contralateral renal disease. It should be 
noted, however, that even when all renal function tests and pyelo- 
grams are normal, the kidney may still be the seat of vascular 
disease. It is important, therefore, in studying hypertension in 
human beings to determine in what proportion the hypertension 
may be due to unilateral renal disease. 

In 1000 patients* who died of conditions directly related to hyper- 
tension, and upon whom autopsies were performed, all had a final 
anatomic diagnosis of arterial nephrosclerosis, arteriolar nephro- 
sclerosis or a combination of the two. Patients with pyelonephritis, 
congenital polycystic renal disease and nephritis were excluded from 

* At University Hospitals of Cleveland, Cleveland City, and Cincinnati General 
Hospitals. 
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this series. In all of these patients the renal vascular disease was bi- 
lateral. In many ’instances the degree of vascular involvement was 
not the same in both kidneys. In 20 (2%) of the patients the two 
kidneys differed greatly in weight, one being much reduced in weight 
while the other weighed as much or more than normal. In some 
the smaller kidney weighed less than 50 gm. Microscopic examina- 
tion of these small kidneys showed few normal glomeruli or tubules. 
It may be presumed, therefore, that their function must have been 
greatly reduced although in none of these 20 patients was there an 
elevation of nitrogenous products in the blood. Some, to be sure, 
may have been congenitally hj^joplastic kidneys. The larger kid- 
neys must have had a normal or nearly normal function. However, 
when the large kidnej'^s were examined microscopically, in all 
20 cases they were found to be the seat of arterial and arteriolar 
nephrosclerosis. Thus, in any of these patients, if the smaller and 
nearlj’- functionless kidney had been removed the blood pressure 
would probably not have returned to normal. 

When hj^pertension is due to renal vascular disease, not related to 
pyelonephritis, both kidneys are usuallj' involved. In such individ- 
uals the removal of one kidney, even though clinically functionless or 
nearlj' so, while the opposite one is functionallj' normal, will not 
relieve the hypertension. It is impossible to state that the vascular 
disease began simultaneously in both kidneys. It may at first have 
been confined to the smaller one and subsequent! j', after tire bj^per- 
tension had existed for a period of time, developed in the larger 
kidnej'. But, at present, there is no method bj' which the possible 
existence of vascular disease in anj' kidnej' can be excluded. 

Autopsies on 50 cases of chronic pj'elonephritis were also studied. 
Onlj' 10 of these patients showed no renal vascular disease and thej' 
did not have hj'pertension. In 4 instances the pj'elonephritis was 
confined to one kidney but 3 of these nevertheless had bilateral 
renal vascular disease. In the fourth case the vascular disease was 
confined to the kidnej' the seat of chronic pj'elonephritis and hj’per- 
tension was present. However, in the last case the pj'elonephritis 
was secondary to ureteral obstruction bj' a carcinoma of the bladder, 
and the patient died of generalized carcinomatosis. In 23 of the 
36 remaining patients hj'pertension was present during their last 
hospital admission. The remaining 13 did not have hj'pertension 
on admission to the hospital but manj' of them were in shock due 
to various other conditions. From the weights of the hearts it can- 
not be stated that thej' had hj'pertension. 

An analj'sis was made of the kidnej' weights of 456 autopsied 
patients with hj'pertension, having an anatomic diagnosis of arterial 
and arteriolar nephrosclerosis. These weights were compared with 
those of normal kidnej's from patients who died without renal dis- 
ease (see Tables 1 to 4). The tables* show that, on the average, 

* There is a difference in the number of right and left kidneys in the tables because 
some of them were injected for special studies and not weighed. 



bilateral renal disease in persistent hypertension 809 


patients with arterial and arteriolar nephrosclerosis have smaller 
kidneys, but the difference is not as great as might be expected. 
In fact, the weight deviation in both the normal and diseased kid- 
neys is so great that there is a considerable overlapping. Many of the 
kidneys with vascular disease have normal or above normal weights. 


Table 1. — AVeights op Nohmal Kidneys in Males. 


Right kidney. Left kidney. 


Age group. 

No. 

Average 
weight. S.D. 

No. 

Average 
weight. S.D. 

15-24 . . . 

. . 13 

172*33 

13 

100*32 

25-34 . , . 

. . 40 

170*31 

40 

172 *35 

35^ . . . 

. . GO 

183 *32 

02 

184*37 

45-54 , . . 

. . 95 

172*33 

90 

177*34 

55-04 . . , 

. . 52 

100*24 

54 

103 *24 

05-74 . . . 

. . 12 

172*31 

13 

175*35 

Total 

. . 272 

171*32 

278 

174*34 

Table 2. 

— AA’'eights of Normal Kidneys in Females. 


Right kidney. 


Left kidney. 

Age group. 

No. 

Average 
weight. S.D. 

No. 

Average 
weight. S.D. 

15-24 . . . 

. . 8 

153 *40 

9 

154*38 

25-34 . . . 

. . 30 

154 *32 

30 

158*30 

35-44 . . . 

. . 25 

174*32 

20 

172*37 

45-54 . . . 

. . 23 

104 *27 

24 

104*32 

55-04 . . . 

. . 19 

140*25 

18 

139*28 

05-74 . . , 

. . 8 

132*24 

9 

132 *34 

75- . . , 

, . 2 

140 

2 

133 

Total 

. . no 

157*32 

117 

157*37 

Table 3. — Weights 

OF Kidneys 

in Males With 

Renal 

Arteriosclerosis. 


Right kidney. 


Left kidney. 

Age group. 

No. 

Average 
weight. S.D. 

No. 

Average 
weight. S.D. 

25-34 . . . 

. . 5 

145*10 

4 

152 *24 

35-44 . . . 

. . 30 

109*41 

29 

109 *40 

45-54 . . . 

. . 75 

150*43 

73 

158*40 

55-04 . . . 

. . 81 

155 *43 

80 

157 *43 

05-74 . . . 

. . 80 

157 *43 

81 

105*45 

75-84 ■ , . 

. . 20 

130 *47 

20 

139*44 

Total 

. . 291 

150 *43 

287 

100 *43 

Table 4. — Weights 

OF Kidneys 

IN Females With 

Renal Arteriosclerosis. 


Right kidney. 


Left kidney. 

Age group. 

No. 

Average 
weight. S.D. 

No. 

Average 
weight. S.D. 

24 . . . 

. . 1 

150 

1 

100 

25-34 . . . 

. . 1 

100 

2 

120 

35-44 . . . 

. . 20 

141 *38 

20 

134*50 

45-54 . . . 

, . 30 

137 *47 

30 

139 *44 

55-04 . . . 

. . 20 

■ 144 *30 

19 

152*34 

05-74 . . . 

■ . . 13 

148 *23 

15 

149*23 

75- . . . 

. . 1 

85 

1 

70 

Total 

. . 98 

140 *39 

100 

140*42 
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By microscopic examination it was found that the kidneys of nor- 
mal size have arteriolar disease with slight if any involvement of 
the larger arteries. In some kidneys of normal weight the capsules 
strip with ease, the external surfaces are smooth and all gross features 
are those of normal kidneys. Microscopically, these showed marked 
hyalinizing arteriolar sclerosis, especially of the preglomerular 
arterioles. That such large kidneys are the seat of ischemia, it is 
of course impossible to judge on anatomic grounds alone. It is 
generally thought that renal ischemia, with its associated hemo- 
djmamic disturbance, presumably resulting in deficient irrigation of 
the kidnej^ with blood, initiates the hjqrertension. Recently Page’= 
has suggested that the hemodynamic disturbance consists not so 
much of a reduction of the blood flow through the kidney as of a 
reduction of pulse pressure within the kidney. Since, in most of the 
kidneys, especially those that are of normal weight, the vascular dis- 
ease is practically limited to the preglomerular arterioles, it is difficult 
to see how reduction of pulse pressure can occur beyond this site when 
there is^no actual pulsation in the portion of the vascular tree distal 
to this site. Presmnably, glomeruli are composed of capillaries 
and the tubules are supplied by capillary vessels in both of which 
pulsation does not occur. 

Arteriolar disease of the kidneys alone will not induce marked 
atrophy of the organ. The reduction in size of the kidneys, in vas- 
cular disease, is due mainly to arteriosclerosis of the larger intra- 
renal arteries or sclerosis with stenosis of the main renal arteries. 
The weights of the kidneys with arteriolar and severe arterial 
sclerosis on analysis (Table 5) are found to be significantly smaller 
than those with arteriolar disease and minimum or only moderate 
arterial sclerosis. 

Table 5. — Weights of Kidneys of Patients With Marked Arteriosclerosis 
AND ArtERIOL-AR ScLEROSIB. 

Right kidney. Left kidney. 



No. 

Average 

weight. 

No. 

Average 

weight. 

Male 

. . 52 

117 ±31 

47 

126 ±36 

Female 

. .. 54 

104 ±32 

4S’ 

100 ±30 


The average weight of the kidneys of the uremic patients (Table 6) 
is less than of those dying of other complications of hypertension. 
These t'ery small kidneys have not only arteriolar disease but also 
severe arterial sclerosis. However, in the individual instances the 
kidneys may weigh even more than normal. This can be e.xpected 
when it is known that the glomerular counts on kidneys need not 
closely correspond with the weight of the kidneys.*' 

Th? onset of hj^pertension is so insidious that the history of the 
duration of the disease is unreliable. It is, therefore, impossible 
to determine either by gross or microscopic examination of the 
kidneys how long any patient may have had hypertension. 
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Sixty-five (14%) of the 456 patients whose kidney weights were 
analyzed died of uremia. Some of these were complicated by heart 
failure, so that it was impossible to tell whether or not the renal 
disease alone was sufficient to cause the uremia. Eighteen (27.7%) 
of the 65 uremic patients had necrotizing arteriolitis (malignant 
hypertension). Arteriolar necrosis was found only in the patients 
dying with renal insufficiency, although many of the patients whose 
death was due to cerebral hemorrhage had higher blood pressure. 
In all of the kidneys showing necrosis of arterioles, chronic vascular 
disease was very marked. This suggests at least the possibility 
that renal failure was present and that the arteriolar necrosis was 
superimposed upon already failing kidneys. This is in agreement 
with experimental work in which similar necrotizing lesions were 
observed in animals with hjqjertension and renal insufficiency.^'' 


Table G. — Weights of Kidneys of Patients With Uremia Due to Arterio- 
AND Arteriolar Nephrosclerosis. 

Right kidney. Left kidney. 

Average Average 

No. weight. No. weight. 


Male 37 117 35 118 

Female ........ 28 97 25 88 


Many of the younger patients who died of hypertension had 
arteriosclerosis which was confined to the kidneys; careful search 
disclosed none elsewhere in the body. Thus it is concluded that 
generalized arteriosclerosis in man is not a necessary accompaniment 
of hj^iertension. Furthermore this study offers no support for the 
view that sj^stemic hypertension causes a generalized vascular 
sclerosis. There was no pathologic state in these cases to account 
for the high blood pressure other than the intrarenal vascular 
sclerosis. 

' Conclusion. From this study it is obvious that in nearly all cases 
of persistent hypertension with vascular disease the renal disease is 
bilateral. The renal involvement may be much more marked in 
one kidney than the other, and can be so extreme as to produce a 
functionless or almost functionless organ. All known clinical tests 
of excretory function may fail to detect renal vascular disease. The 
weight and size of the kidney are not directly proportional to the 
degree or duration of the hypertension. 
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(From the Departments of Preventive Medicine and Medicine, Tulane University.) 

The most satisfactory tests for renal function in many instances 
are those measuring the concentrating capacity of the tubule’s. 
These tests employ a period of water restriction, or deprivation vary- 
ing from 12 hours to 3 days. The use of posterior pituitary extract 
about to be described produces a satisfactory test yet eliminates 
these long periods of fluid restriction or water deprivation.®'^ 

It was evaluated by submitting patients to three or more of the 
follovdng five procedures: 1, a modified Fishberg concentration 
test with restriction of fluids from 6 o’clock the previous evening. 
The overnight urine was discarded and half-hourly specimens col- 
lected from 9 o’clock in the morning until 11 or 12 noon. 2, the 
same procedure with the administration of 0.5 cc. (10 units) of 
surgical pituitrin subcutaneously at 9 o’clock in the morning. 
3, free access to fluids until 9 in the morning, when they were re- 
stricted ; the pituitrin administered and 30-minute specimens taken 
as above. 4, free access to fluids until 9 in the morning, when in 
15 minutes, 1600 cc. of water were given followed by administration 
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of 0.5 cc. of surgical pituitrin either (a) before or (b) after diuresis 
had started; specimens of urine were again collected at half-hourly 
intervals. 5, the fourth procedure was repeated without the ad- 
ministration of the pituitrin. Specific gravities were obtained by 
weighing the urine in a 2-cc. weighing bottle or pyknometer to 
0.1 mg. and comparison made with a similar quantity of distilled 
water at the same temperature according to the usual technique.* 
Corrections were made for albumin when present. 

On 35 individuals, including 20 normal subjects and 15 patients 
with various degrees of renal impairment, 104 tests have been car- 
ried out. Consistent results have been obtained in all. Chart 1 
shows the results in 1 subject. The curves are numbered to cor- 
respond to the procedures described above. In this instance, the 
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, Chart 1. — Re-sults in 1 subject. The curves are numbered to correspond to the 
procedures described in the text. Black and white columns represent urinary 
volume corresponding to curves 4a (1600 cc. water with pituitrin) and 5 (1600 cc. 
water without pituitrin) respectively. 


test was carried out in very hot weather, which accounts for the 
fact that with or without preparation, the urinary specific gravity 
started in each experiment in a range (1.025) indicative of satis- 
factory renal function. This fortunate circumstance revealed data 
which indicated that when water diuresis was inhibited by water 
restriction (Curve 2), or by excessive loss by perspiration or other 
routes of excretion (Curve 3), and the initial specific gravity was 

* Recently we have been using the Saxe Urinopykometer, which requires only 
3 to 4 cc. of urine, and is accurate, rapid and simple. We are now attempting to 
establish standards for 2 one-hourly collections of urine to obtain volumes suitable 
for the ordinary urinometer. 
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high, the addition of the pituitary extract had little effect in elevat- 
ing the specific_gravity._ This is also shown in Chart 2. However, 
when the specific gravity started in a low range it may be seen 
(Chart 2) that a marked elevation resulted in normal subjects to 
values (1.024 in all but 1 instance) indicative of adequate tubular 
function. These values, however, did not approach those obtained 
when the specific gravity started in a high range. Since pituitary 
extract inhibits water diuresis, when the latter is already eliminated, 
little effect is to be expected upon the specific gravity. 

The stimulus to water diuresis instituted by the administration 
of 1600 cc. of water in 15 minutes at the beginning of the procedure 



Chart 2. — Results of Procedure 3. The specific gravity before and after the 
administration of posterior pituitary extract is shown. Black circles represent nor- 
mal subjects, white circles patients with renal disease as described in text. Ordinates 
represent specific gravity, abscissa; patient number. 


(Chart 1, Curve 5) was inhibited bj' pituitrin whether diuresis had 
started (Curve 4b) or not (Curve 4a), indicating the effectiveness 
of this function of pituitrin. This is also reflected in the urinarj' 
volumes which, with pituitrin, were maintained at the initial low 
values (Chart 1). Regardless of preparation of the normal subject, 
the administration of pituitrin maintained the specific gravities at 
levels diagnostic of adequate tubular function. 

In all normal subjects studied, the results have been similar and 
in each instance, specific gravity values were equal to or exceeded 
those obtained by the standard test with water restriction. 

Chart 3 shows the results obtained in 2 subjects with slightly 
and markedly impaired renal function respectively with, 1, the 
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usual concentration test; 2, the usual concentration test plus pitu- 
itrin; and 3, no preparation plus pituitrin. In each instance, the 
comparative results of each procedure are clearly shown. Further 
results of Procedure 3 in patients with bilateral renal disease are 
shown in Chart 2. These patients show varying degrees of impair- 
ment of the concentrating ability of the kidneys associated with 
acute hemorrhagic nephritis (Case 7) and chronic nephritis (Cases 9, 
10, 11, 12, 20, 25), including uremia (Cases 6, 8, 14), and arterio- 
sclerotic heart disease (Cases 5, 18, 21, 22, 23). 

Patients 18 and 21 represent instances of congestive heart failure 
in which diuresis of edema fluid was actively progressing at the time 
the procedure was carried out. In both patients the usual concen- 
centration test without pituitrin failed to indicate the concentrating 
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Chart 3. — Results obtained in 2 patients, 1 with slightly impaired renal function 
(upper 3 curves) and 1 with markedly impaired renal function (lower 3 curves). 
Ordinates represent specific gravity, abscissae time in minutes for procedures num- 
bered as described in text. 


ability of the kidneys because of the diuresis. Values were raised 
to 1.015 and 1.018 without pituitrin and to 1.022 and 1.024 with 
pituitrin. 

Discussion. Of the procedures described above, that employing 
pituitrin with no preparation of the patient was found to -give en-r 
tirely suitable results. In health, the urinary volume and specific 
gravity depend upon the quantity of fluids ingested and the extra- 
renal fluid loss. When large quantities of fluid are taken, a urine 
of low specific gravity is produced, while with limited intake, espe- 
cially if loss through perspiration, diarrhea or other extrarenal 
routes is great, the urine will be scanty and concentrated. The 
tests of urinary concentration in use today employ a period of water 
restriction varying from 12 hours to 3 days to produce a satisfactory 
inhibition of water diuresis and consequent elevation in the urinary 
specific gravity. The action of posterior pituitary extracts elimi- 
nates the need for these long periods of water deprivation. The 
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antidiuretic action of posterior pituitarj- extract results from an 
increase in the reabsorption of water by the tubules. In this way, 
the urinary volume is diminished and the specific gravity elevated 
in the face of water diuresis, which is inhibited. The degree to 
which the specific gravity is raised would depend upon three or 
more factors, including the dosage or effectiveness of the pituitrin, 
relative to the degree of water diuresis present, the tubular function 
and the electrolyte and non-electrolyte pattern in the urine. 

The dosage of pituitrin used has to be kept within a value which 
is not only safe for clinical use but also is sufficiently effective in the 
face of even extreme water diuresis to elevate the specific gravity 
of the urine in normal subjects to values which are considered in 
other renal concentration tests^ to be indicative of adequate tubular 
function. It was pointed out above that although the rise in 
specific gravity was greater in general, when it started in low 
rather than in high range, higher final values were obtained with 
higher initial specific gravities. In other words, the higher the 
specific gravity in the normal subject when posterior pituitary 
extract is administered, the higher in general will be the resultant 
specific gravity. If the specific gravity starts in a high range and 
water is administered followed immediately by pituitrin, higher 
values may be maintained than those obtained (Curve 4b) if diuresis 
is started with 1600 cc. of water and the specific gravity reduced 
before the pituitrin is administered to elevate it. Even though 
pituitrin will elevate the specific gravity to satisfactory diagnostic 
levels after water diuresis with large volumes of water has started, 
it will not elevate the specific gravity in all instances to values which 
may be obtained by long periods of water restriction or extrarenal 
loss. In Chart 1, for example, a specific gravity of 1.031 was ob- 
tained with the latter procedure, while after water diuresis, per- 
mitted to go until a low specific gravity was obtained, pituitrin in 
the dosage used elevated the specific gravity to only 1.028. The 
latter figure, hoM'ever, is considered to indicate a normal tubular 
function. 

That the specific gravities obtained after pituitrin are not “ ceiling 
values maj’’ be due to a number of factors. Increased dosage of 
pituitrin might be more effective in certain instances but in several 
subjects, in whom the dose was doubled, no significant increase was 
found. The electrolyte-non-electrolyte pattern and the variable 
concentration of these substances in the urine may be in part re- 
sponsible in that salt diuresis may be instituted with a varying 
concentration of the substances which make up the specific gravity 
of the urine. We have thus far not studied these effects and there- 
fore cannot evaluate them. 'VMiether or not there may be a limit 
to the ability of the tubules to reabsorb water above which an excess 
would resuit in water diuresis which could not be controlled by 
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pituitrin, we do not know. If this is true, this factor may come 
into play. However, even under these circumstances the ingestion 
of 1600 cc. of water in 15 minutes is not sufficient to drop the specific 
gravity with pituitrin below values of use in diagnosis. These re- 
sults confirm the observations of Pasqualini and Etala,'* who. found 
in 40 normal subjects that the diuresis produced by the ingestion 
of a liter of water was inhibited by pitressin. In 18 of their subjects 
in whom the specific gravity started in a low range the values were 
elevated in the face of the ingestion of a liter of water to 1.025 or 
more. In our group, the lowest value obtained was 1.024, except 
in 1 instance where the specific gravity reached 1.023. This patient 
was a man of 35 convalescing from pneumococcic pneumonia without 
any evidence of renal disease. 

It is to be emphasized that, in the same normal subject, con- 
centration tests now in use give various values for specific gravity 
depending upon the degree of water restriction. In normal subjects 
higher values are obtained at times by prolonged periods of water 
restriction than with posterior pituitary extract. Under similar 
conditions with periods of water restriction up to 16 to 18 hours 
this has not been the case. It is obvious that the procedure does 
not give “ceiling” specific gravity but that the standards set up for 
normal subjects are workable ones. 

The highest specific gravities were obtained, following pituitrin, 
in a period varying from 1 to 2 hours. Similar time intervals for 
maximum specific gravities were obtained by Pasqualini and Etala 
even after the ingestion of a liter of water. When the bladder is 
emptied at the beginning of the test, a specific gravity determina- 
tion on that specimen may be obtained immediately and the test 
discontinued before the pituitrin is given if the value obtained is 
sufficiently high to indicate adequate tubular function. 

Impairment of renal tubular function is characterized by im- 
paired- concentrating ability. When such a patient is deprived of 
water or when the extrarenal loss of water is excessive the degree of 
urinary concentration, as reflected in the specific gravity, is impaired 
depending upon tubular function and the amount of water restric- 
tion. As tubular function becomes impaired and the concentrating 
ability of the kidney reduced, there is a striking parallelism in results 
of the tests employing water restriction and that employing pitu- 
itrin (Chart 3). The results in 15 patients with renal disease shown 
in Chart 2 demonstrate the applicability of the procedure to such 
patients. Patient 27 with acute hemorrhagic nephritis showed spe- 
cifie gravities -well within normal range. With markedly impaired 
renal function with uremia (Patients 6 and 8), markedly impaired 
concentrating ability is shown. In both the normal and abnormal 
group the dosages of posterior pituitary extract used have produced 
no significant changes in the blood pressure, even in the presence of 
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marked hypertension and uremia. We have not used the procedure 
in patients with marked oliguria^ pregnancy, angina pectoris, or 
myocardial infarction. Posterior pituitary extract in patients with 
angina pectoris has been known to precipitate attacks. However, 
in arteriosclerotic heart disease with congestive heart failure, we 
have used posterior pituitary extract without the observance of any 
untoward symptoms. Graybiel and Glendy- have found no sig- 
nificant cardiovascular symptoms in patients with arteriosclerotic 
heart disease with angina, after slow intravenous infusion of a dilute 
solution of pitressin in doses adequate to produce pallor and un- 
comfortable abdominal cramps. 

In the presence of congestive heart failure with diuresis active 
from treatment the use of concentration tests is unsatisfactory 
because of the water diuresis from edema fluid and the inability to 
obtain adequate specific gravity determinations. In several in- 
stances of this type described above posterior pituitary’’ extract 
produced inhibitions of water diuresis sufficient to obtain an estima- 
tion of tubular function. Posterior pituitary extract produces its 
major pharmacodynamic effect for periods of 3 to 6 hours after 
which diuresis is again resumed. 

The procedure described has certain advantages in clinical prac- 
tice. The test may be carried out on unprepared patients at any 
time of day. This is advantageous in office practice, especially 
where patients may come some distance for consultation and may 
be seen only once. Likewise, in surgical patients, or in others in 
whom it is not desirable to wait the time necessary for concentration 
by water deprivation or to withhold fluids, the test is particularly 
applicable. The same is true under circumstances where coopera- 
tion of the patient is not satisfactory in the control of water intake. 

Summary and Conclusions. A procedure employing posterior pitu- 
itary extract is described for determination of renal tubular function. 
It differs from the usual concentration tests in that a period of water 
restriction or deprivation is not necessary. Unprepared patients, 
after voiding, are given 0.5 cc. posterior pituitary extract (10 units) 
subcutaneousl}'^ and specimens collected at half-hourly intervals for 
4 specimens (2 hours). Specific gravities determined in the pyk- 
nometer or with the Saxe urinopyknometer, which uses only 4 cc. 
of urine, may be used as an index of renal tubular function. Advan- 
tages and contraindications to the test have been pointed out. 
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A peeluvunary report on the treatment of 

AGRANULOCYTOSIS WITH SULFATHIAZOLE. 
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(From the Beth Israel Hospital.) 

Despite the claims made for the pentose nucleotides, adenine 
sulphate, liver extract, transfusions, yellow bone-marrow extract, and 
so on, the treatment of agranulocj^osis has failed to change the 
essentially fatal outcome of the disease. Death is probably the 
result of overwhelming sepsis in a body stripped of its granulocyte 
defenses. To combat the sepsis might be of definite value. With 
this thought in mind, sulfathiazole in large dosage was given in ad- 
dition to transfusions and pentnucleotides in our last 2 cases. 
Although no proof is present that the sulfonamide drug was curative, 
it did no harm, and we believe it may have been of value in combat- 
ing the secondary sepsis. Further trials in other cases of agranu- 
locytosis are indicated. Of theoretical interest is the fact that the 
sulfonamide drugs may have their characteristic action in the 
absence of granulocytes. 

Case Reports. Case 1.— Harold P., a 40-year-old, single, office worker, 
was admitted to this hospital (No. 55070) on October 13, 1940, delirious 
and irrational after a week’s illness with fever, headache, and severe 
sore throat. Aminopyrine had been used 3 years previously and just 
prior to the onset of the present illness. The patient was semi-moribund, 
irrational, and having great difficulty in breathing. The temperature 
was 104° F. (rectal), pulse 144 per minute, respirations 35. The buccal 
mucous membranes, gums, tongue, and throat showed the character- 
istic necrotic lesions of agranulocytosis and there was marked sweffing at 
the angles of both jaws. The abdomen was greatly distended with gas. 
Over the skin of the trunk were present many dark red necrotic papules. 

The blood showed hemoglobin 80%, white blood cells 750 per c.mm., 
with complete absence of granulocytes. All the leukocytes were small 
lymphocytes. The blood platelets were abundant. 

Pentnucleotides were inamediately begun in dosage of 10 cc. intramuscu- 
larly four times daily, and on the following day (10/14) a transfusion of 
500 cc. of blood was given from a compatible donor. The patient was now 
completely irrational, incontinent and semicomatose. The temperature 
had. risen to 105° F., the pulse rate was 130 per minute, and the respirations 
varied between 20 to 28 per minute. The leukocyte count was 850 per 
c.mm. with complete lack of granulocytes. The outlook seemed almost 
hopeless. Because of the definite likelihood that the fever and prostration 
were due to bacterial invasion of the blood stream in an individual depleted 
of granulocytes, and because it was felt that death in agranulocytosis is due, 
not to the lack of granulocytes, but to bacteremia, it was decided to try to 
sterilize the blood stream by the use of one of the sulfonamide preparations. 
Sulfathiazole was selected because of its known potency against a variety 
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of organisms. The first dose (2 gm.) of this drug was therefore given at 
midnight, October 14, and foUowed by 1 gm. doses six times daily Pent- 
nucleotide m 10 cc. doses every 6 hours was continued, together with daily 
transfusions of 500 cc. of blood on October 15 and 16. 

_ On October 15, the patient’s condition was unchanged, but on the morn- 
ing of October 16 he seemed slighly improved. A sternal puncture showed 
almost complete absence of granulocytes, most of the leukocytes present 
being large lymphocytes and plasma cells. At 4 p.m. (40 hours after begin- 
ning treatment with sulfathiazole) the white count was 1400 per c.mm. and 
4 granulocytes (all of them either young or “band-form” metamyelocvtes) 
were found! 

Table 1.— Hematologic Data in Case 1. 

Neutrophils. 


Date 

Hgb. 

R.B.C. 


Total 

ture 

Lympho- 

Mono- 


1940. 

(%). 

(mill.). 

W.B.C. 

(%)- 

(%). 

cytes. 

cytes. 

Remarks. 

10p3 

80 


750 

0 

-- 

100 


. Pentnucleotide 40 cc. 
i.m. daily. 

10/14 

79 

4.12 

850 

0 




Transfusion 500 cc.j 
sulfathiazole begun 
at midnight — 6 gm. 
daily. 

Transfusion 500 cc. 

10/15 

10/16 



950 

0 


100 

(2 plasma 
cells) 


A.M. 

95 

4.90 

700 

0 




Transfusion 500 cc. 

P.M. 

10/17 



1,400 

4 

3 

96 


Sternal puncture. 

A.M. 

89 

4.48 

1,150 

14 

12 

86 


Patient improved. 

P.M. 



2,250 

26 

21 

74 


Occasional myelocyte. 

10/18 



3,150 

46 40 

(5 myelocj'tes) 

48 

1 

Sulfathiazole omitted. 

10/19 



5,650 

69 38 

(5 myelocytes) 

26 


Cough. 

10/20 



13,100 

74 

33 

21 

2 

Resohdng lobar pneu- 
monia discovered. 

10/21 



13,300 

■ 65 

24 

32 

3 


10/22 



12,050 

75 

24 

23 

2 

Slight fever; marked 
tachycardia. 

10/24 



11,900 

68 

9 

25 

7 


10/31 

11/2 

11/6 

89 

4;62 

10,000 

9,100 

9,500 

83 

11 

11 

6 

Sulfathiazole C gm. 
daily. 

11/14 

92 

i'.72 

8,700 

65 

3 

21 

14 

Sulfathiazole omitted 
11/12. 


On October 17, the patient was definitely better, and from then on there 
was continued improvement despite the development of bilateral pulmonarj^ 
consolidation. This had apparently been present during the period of 
complete agranulocytosis but had not been recognized until the patient’s 
cough and general condition on October 20 warranted examination of the 
chest. On October 30, sulfathiazole was again given when there was a 
flare-up in the pneumonic consolidation. The patient made a complete 
and uneventful recoverjL 

Case 2.— Mrs. Ina S., an 80-year-oId retired housewife, was seen by one 
of us (W. D.) vdth Dr. W. E. Greer at the Alexander Eastman Hospital of 
Derrj’-, N. H., on May 22, 1941. On May 17, she took 2 tablets (0.6 gm.) 
of aminopjuine for one of her occasional severe headaches for which she had 
previously taken the same drug. On May 19, she complained of a sore 
throat. On May 21, because of the development of severe constitutional 
S3Tnptoms, notably fever, prostration, and drowsiness, the patient was ad- 
mitted to the hospital, where she rapidly became worse. Routine blood 
counts revealed the following; hemoglobin, 88%; R.B.C., 4.49 million; 
W B C. 500 (!) and complete absence of all leukocjdes but the lymphoejdes. 
Intravenous fluids and pentnucleotide, 1 ampoule everj- 6 hours, were given 
but the patient rapidly became more stuporous and vomited frequently. 
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111 quick succession, delirium, abdominal distention, tracheal rMes, and a 
feeble, irregular pulse developed. 

On the morning of May 22, the patient was semimoribund and slightly 
jaundiced. The temperature was 104.5° F., the pulse 120, and the respira- 
tions 30 per minute. The mouth and throat showed the; typical dry, 
necrotic lesions of agranulocjdosis. The neck was slightly swollen espe- 
cially at the right. The heart revealed rather distant sounds with numer- 
ous extrasystoles. The abdomen showed moderate distention. The liver 
was felt 2 finger-breadths below the right costal margin. 


Table 2. — Hematologic Data in Case 2. 


Date 

Hgb. 

R.B.C. 


Neutrophils. 

Total Imma- Lympho- 

Mono- 


1941. 

(%). 

(mill.). 

W.B.C. 

(%.) ture (%). cytes. 

cytes. 

Remarks. 

5/21 

A.M. 

88 

4.49 

500 

0 . . 100 


Sulfathiazole- 12 gm. 

P.M. 



325 

0 . . 100 


5/19-5/21. 

Pentnucleotide 1 am- 


poule q. 6 hrs.; liver 
extract 45 units 
i.m. q. 4 hrs. 


5/22 

A.M. 



500 

0 


99 

1 

Temp. 104.5° F. 

P.M. 



750 

0 


100 


Sulfathiazole 1 gm. q. 

5/23 



1,000 

0 


100 


4 hrs. 

Sulfathiazole 7 gm. 

5/24 



2,700 

5 

5 

83 

12 

given 5/22-5/23. 
Patient impr.; temp. 

5/25 



8,400 





101.5° F.; sulfa- 
thiazole discont. 
Temp. 100.5° F. 

5/26 



14,400 

61 

si 

'3'4 

'5 

Pentnucleotide 1 am- 

5/27 



10,500 

06 

24 

30 

4 

poule q. 8 hrs.; liver 
extract 30 units q. 
6 hrs. 

Pentnucleotide 1 am- 

5/28 



17,500 

62 

23 

30 

2 

poule twice daily; 
liver extract 30 units 
twice daily. 

5/29 



17,900 

82 

31 

17 

1 

Pentnucleotide and 

5/30 



18,000 

70 

31 

27 

3 

liver extract discon. 
Progr. improvement. 

5/31 



18,500 

69 

24 

27 

4 


6/2 

96 

4!89 

12,000 

08 

9 

30 

2 


6/4 



9,500 

68 

5 

29 

3 


6/9 

88 

4 ’.48 

7,500 

67 

3 

31 

2 



A staphylococcus in pure culture was isolated from the throat. The urine 
showed a large trace of albumin and contained bile. The leukocyte count 
was 500 per c.mm. with 99% lymphocytes and 1% monocytes. Because 
of our experience in Case 1, it was recommended that sulfathiazole be given. 
This recommendation was accepted by Dr. Greer and after the first dose of 
2 gm., the patient was given the drug in dosage of 1 gm. at 4-hourly intervals. 
In addition, the pentose nucleotides were still continued in dosage of 1 am- 
poule intramuscularly every 6 hours; liver extract injections (45 units) 
were given intramuscularly every 3 or 4 hours, together with intravenous 
fluids, subcutaneous prostigmin to combat the distention and coramine. 

On May 23, approximately 18 hours after administration of the drug was 
begun, the patient stated that she felt better and appeared brighter and 
stronger. The temperature had dropped to 101.4°, the pulse to 100 per 
minute. The leukocyte count was 1000 per c.mm., all the cells being 
lymphocytes. The drug was discontinued after another dose was given. 
On the following day, the white cells numbered 2700 (!), and of 100 leuko- 
cytes 5 were immature granulocytes with 83 lymphocytes and 12 monocytes. 
The course from then on was one of continued improvement, both clinically 
and hematologicaUy. 
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Comment. The development of agranulocytosis following the 
use of drugs, particularly aminopyrine, is too well known to warrant 
further comment. Due to the lack of neutrophils, the normal bac- 
terial flora of the mouth, throat, and other cavities flourish in unus- 
ual abundance with resultant sore throat, lesions of the buccal and 
other mucous membranes. In the absence of neutrophils and their 
normal defensive mechanisms, sepsis due to blood stream invasion 
ensues. Death is probably due not to the lack of neutrophils per se 
but to the resultant sepsis. From the blood stream of patients 
djdng of the disease numerous virulent organisms have been isolated. 
Formerly considered to be the cause of the condition, their true 
nature as secondarj'^ invaders has become firmly established. The 
use of sulfathiazole in the cases here presented was based on these 
reasons. It was believed that if the invading organisms could be 
“held in check” by the drug w'hile natural processes in the bone 
marrow concerned udth leukopoiesis might become reestablished, 
the patient might recover. 

Our experience with the pentose nucleotides and their derivatiiTS 
(adenine sulphate and guanidine hydrochloride) has been extremely 
disappointing in the past few years. In a series of 12 cases reported 
in 1936® there was recovery in 8. In the last 5 years, 30 cases have 
been seen. Of these, all but 2 died despite very active treatment 
with pentose nucleotides, adenine sulphate, transfusions, and so on. 
The recoveries occurred in 2 relatively mild cases in which coma did 
not develop and the dosage of aminopyrine which had been adminis- 
tered was very small. As a result of these experiences, our former 
rather optimistic attitude regarding the value of the nucleic acid 
derivatives has become greatly modified.® The critical situation in 
agranulocytosis may be said to lie: 1, between the capacity of the 
marrow to recover, after an extremely hj'persensitive reaction; and 
2, the rapidity of the development of septicemia. In recent years, 
the latter question has received but scant attention. However, with 
the development of the sulfonamide drugs, this question deserves 
renewed consideration, although the medical profession is somewhat 
loath to give these drugs in the presence of leukopenia. This atti- 
tude has naturally developed because of the occasional cases of 
agranulocj^tosis which occur during the course of treatment. How- 
ever, it is well established^ that if leukopenia is due primarily to an 
infectious process, use of a sulfonamide drug will not only do no 
harm but will often result in an increase in the leukocyte count and 
in cure of the disease. 

The use of a sulfonamide drug in the presence of complete lack of 
granulocjdes is also of some theoretical interest since it is con- 
firmatory of the thesis that the neutrophil is not essential in the 
activity of the drug. Although the exact mechanism of the drug’s 
action is as yet not clear, most authorities are in accord that it has 
a direct action on the bacteria themselves, probably in the nature 
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of bacteriostasis.^’^ The dramatic results in our cases indicate that 
the drug may be quite as effective in the absence of granulocytes 
as with large numbers being present. 

Because of our experience with the 2 cases presented in this paper, 
it is suggested that a trial with sulfathiazole or sulfadiazine be made 
in other cases of agranulocytosis. When the condition is itself due 
to a sulfonamide drug, one can only hope for either spontaneous 
recovery of the possible effect of the pentose nucleotides, although 
in a case of sulfanilamide agranulocytosis, one might consider the 
use of sulfathiazole or sulfapyridine and mce versa. 

Summary. Two cases of severe agranulocytosis were treated, in 
addition to transfusions, pentose nucleotides and liver extract, with 
large doses of sulfathiazole. The ensuing recoveries may have been 
due, in part at least, to the effect of the sulfonamide drug on the 
sepsis which was almost certainly present, thus allowing spontaneous 
leukocytic regeneration in the bone marrow to take place. Sulfona- 
mide drugs may be effective even in the complete absence of granu- 
locytes. 
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ABNORMAL ACCUMULATIONS OF LYMPH FOLLICLES IN THE 

DIGESTIVE TRACT. 

By Peter Gruenwald, M.D., 

associate, department of anatomy, the CHICAGO MEDICAL SCHOOL. 

CHICAGO, ILL. 

The occurrence of large circumscribed masses of lymph follicles 
in the mucous membranes of the intestinal tract is not mentioned 
in most of the standard textbooks. In the few reports in the litera- 
ture (see below), the authors offered various explanations for the 
genesis of the condition. In the present report, 5 related cases will 
be described and an attempt will be made to arrive at a satisfactory 
concept of the nature and development of these abnormal structures.* 

Observations. All 5 specimens were obtained at operation. As 
usual, their peculiar structure was not recognized until histologic 
examination was done. The common characteristic of all cases is 
the presence of lymph follicles forming compact masses in locations 
where they usually do not occur in such large amounts. The 

* These cases were collected in the Department of Pathology of Krankenanstalt 
Rudolfstiftung in Vienna. The author is indebted to Prof. A. Priesel, Director of 
this department, for leaving him the specimen for description and further supporting 
the work by valuable suggestions. 
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follicles themselves have large pale staining centers (so-called “germ- 
inal centers”) and do not differ from normal ones as far as their 
minute structure is concerned. 

Case Reports, Case 1.- (627/1929.) “Polyp” of the intestine of a 
2q-year-oId woman. The tissue, nearly 1 cm. in diameter, was covered 
ndth mucosa on almost its entire surface, and apparently ulcerated in one 
place. Histologic examination revealed accumulations of Ijunph follicles 
partly covered by intact mucous membrane (Fig. 1). The follicles them- 
selves were occupied to a greater part by irregularly shaped so-called 
germinal centers, appearing to be confluent. They contained many reticu- 
lum cells laden with basophilic ddbris.* The tissue between the follicles 
was infiltrated by Ijmphocytes which were arranged in long lines parallel 
to the borders of the follicles. 



Fig. 1. — Case 1. A protrusion of the mucous membrane of the rectum is caused 
by lymphoid tissue with numerous so-called germinal centers. (Hemalum — eosin 
stain.) 

Case 2.— (3003/1930.) “Polj^p” of the rectum of a GO-j'ear-old woman. 
A piece of tissue the size of a bean and another somewhat smaller were sub- 
mitted for histologic examination. They were almost entirel)^ covered 
with mucosa. Microscopically, both contained l 3 Tnphoid tissue in the sub- 
mucous laj'er. Many follicles with so-called germinal centers were present; 
the histologic picture was similar to that of Case 1. 

Case 3.— (1272/1932.) Rectum of a 48-jmar-old woman. In a piece of 
rectum 20 cm. long, including the anal ring, there was an area 7 cm. long 
near the anus with a tlfickened, uneven mucous membrane. On section 
the wall appeared thickened and whitish-gray. All laj’^ers were apparentl)^ 
infiltrated by abnonnal tissue, but still distinguishable. The surrounding 

* It should be noted that in this and in subsequent cases the so-called germinal 
centers show no sign of b-mphocytopoiesis, but rather that of reaction by reticulum 
cells. — E d. 
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fat tissue contained several lymph nodes up to 7 mm. in diameter, most of 
them purplish-gray and soft, only a few were whitish-gray and firmer in 
consistency. Histological sections (Fig. 2) showed that the thickening of 
the rectal wall was caused lymphoid tissue. Follicles with well devel- 
oped so-called germinal centers were found in different layers, increasing in 
number towards the lumen. The muscle layers were also involved to an 
extent described never before. The so-called germinal centers were strik- 
ingly poor in cells and in many places sharply delimited from the periphery 
of the follicles by a continuous membrane staining red with eosin. This 
membrane probablj'- consisted of connective tissue compressed by the 
growth of the so-called germinal centers. 

Case 4. — (513/1934.) Appendix of a 19-year-old man. The specimen 
measured 9 cm. in length and 1 cm. in diameter. The peritoneal surface 
and the thickened inner layers were pale, the lumen was very narrow, and 
remains of old adhesions could be seen on the serosa. The histologic diagno- 
sis of old appendicitis was made. However, an atypical abundance of 



Fig. 2. — Specimen of Case 3. All layers of the wall of the rectum contain lymph 
nodules, increasing in number towards the lumen (right side of figure). (Hemalum — 
eosin stain.) 

lymph follicles was noticed, even in the peripheral layers, reaching into the 
fat tissue of the mesentery. The number of nodules decreased towards 
the periphery. The follicles in the mucosa Avere occupied almost com- 
pletely by so-called germinal centers, except that on the side nearest to 
the lumen, their centers were covered by considerable accumulations of 
lymphocytes. 

Case 5.— (1557/1936.) Appendix of a 5-year-old girl. A piece of tissue, 
measuring 5 by 3 by 2 cm. with irregular surface, showed a peritoneal sur- 
face covered with pus and fibrin. On the cut surface the appendix itself 
became visible, embedded in rather firm fat tissue. It was 12 mm. in 
diameter and its wall was thickened. Near its middle in an area of about 
1 cm. all layers of the wall appeared necrotic and impregnated with blood. 
There was also a small perforation. Histologic diagnosis Avas made of recur- 
rent appendicitis with severe destruction of the wall and remains of ab- 
scesses. In this case, too, an atypical hyperplasia of the lymphoid tissue 
Avas present. The follicles formed groups of several millimeters in diameter 
AAuthin the mucous membrane. Between the bundles of the muscular Avail 
there Avas a considerable infiltration of lymphocytes lying scattered as Avell 
as in larger groups. 
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Comment. Very little mention is made in the literature of tlie 
condition described here. The textbooks of Bell/ Boyd,=“ Delafield 
and Prudden,® Duval and Schattenberg,^ Ewing,* Karsner.i^ Mac- 
Callum/^ and Smith and Gault*® do not describe it; only in his 
“Surgical Pathology,” Boyd*® briefly mentions the occurrence of 
abnormally large masses of lymph follicles in the appendix. There 
are, however, indications that the condition in question occurs more 
frequently than the scanty references would show: The cases de- 
scribed here, as well as those reported by Kengyel,'* and Steindl*‘ 
(see below) were observed in one hospital within a period of a few 
years. 

The present observations as well as those reported in the litera- 
ture show that the appendix and rectum are the favorite localizations 
of large accumulations of Ijraph follicles, although other localiza- 
tions in the intestine or other organs have also been described. It 
is not surprising to find the appendix mentioned in this connection 
because it normally contains large amounts of b’^mph follicles. This 
does not hold for the human rectum. Comparative anatomy, how- 
ever, shows that in this location, too, Ijonphoid tissue is accumulated 
in man5^ species of mammals, especially in ruminants (see PatzelP®). 
This suggests the hj^pothesis that the rectum generally has at least 
a higher disposition to develop lymph follicles to a greater extent. 
Bartel (cited after Steindl*') even suggested the term tonsil of the 
rectum in connection with a pathologic formation similar to our cases. 

The origin of the structures in question is not known. Two 
opinions are represented in the literature. Lehmann'® and ICno- 
flach'^ regard the polypoid formations of b'mphoid tissue which 
they found in the rectum and appendix as tissue malformations, 
that is, as congenital anomalies. This opinion is rejected in more 
recent reports. Nishikawa'® believes that lymphoid tissue is never 
found in the peripheral layers of the wall of sound appendices or 
those with the first attack of acute appendicitis. It may, however, 
be seen there in cases of subacute inflammation, after repeated acute 
attacks, or in cases of healing appendicitis. Consequently, Nishi- 
kawa supposes some connection with inflammatory processes. 
Christeller and Mayer, ICengyel,** and Steindl*' hold similar opin- 
ions. The development of a lymphoid hj-perplasia is regarded by 
these authors not as a part of the inflammatory process itself, as for 
instance the formation of a granulation tissue, but as a reaction to 
a stimulation by the inflammation. The inflammation itself is said 
to induce the beginning of the hj^perplasia which may then proceed, 
or at least remain stationary, after regression of the inflammation. 
Nishikawa also believes that the new formation of lymphoid tissue 
is not part of the inflammation proper, but a secondary process 
that may continue indefinitely and independent of the course of the 
inflammation itself. In this connection it is interesting to note that 
regional ileitis may produce conditions similar to those described 
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here after regression of the acute inflammation. This is well illus- 
. trated by a figure in Smith and Gault’s^” textbook. 

There is no reason to assume that a specific stimulus has produced 
the proliferation of the lymphoid tissue in all cases reported until 
now, a stimulus Avhich would act in the same manner in every human 
organism. The last-mentioned concept holding that inflammation 
induces the development of these lymphoid hyperplasias, must, 
therefore, be supplemented by the assumption of a special disposi- 
tion of the organism or organ affected. This, then, recalls the idea 
of a congenital malformation as advanced by the earlier observers. 
Both theories presume a congenital disposition which, according to 
the conception of a congenital malformation, leads with certainty 
to a hyperplasia of the lymphoid tissue, or, according to the modi- 
fied second theory, becomes effective only in combination with a 
stimulus as, for instance, an inflammation. The latter concept 
seems to approach Loeffler’s^® hypothesis that embryonic rests may 
start growing under the influence of irritations. We now know 
that the assumption of such remains is unnecessary because the 
normal tissues have sufficient potencies to account for these forma- 
tions. However, Loeffler’s reference to irritations in general as the 
stimulus for the growth of the lymphoid tissue is well justified. 
According to Glimstedt,® who investigated the development of the 
lymphatic system of guinea-pigs brought up arid living under sterile 
conditions, bacteria or their products are indispensable for the nor- 
mal growth of the lymphoid tissue. The bacteria living in the 
normal intestine are thought to bring about this growth without 
causing inflammation. Consequently, non-inflammatory irritations 
must be considered as possible stimuli, although the effect of inflam- 
matory processes may be greater. Among inflammations, the effect 
upon the lymphoid tissue is not limited to bacterial processes. 
Experiments carried out by Christeller® and Jacobj^^ showed that 
aseptic inflammation, as produced in the urinary tracts of dogs and 
cats by sterile foreign bodies or chemicals, is followed by the forma- 
tion of lymph follicles in the surrounding tissue. 

Concluding, we find that apparently hyperplasia of the lymphoid 
tissue can be stimulated by different kinds of agents, among which 
bacterial inflammations probably are the most common and effective 
ones. It is generally accepted that the response to such stimuli 
is an important physiologic activity of the lymphoid tissue. It is 
suggested here that in certain cases, presupposing a peculiar disposi- 
tion, physiologic or pathologic stimuli induce abnormal hyperplasia 
. of the lymphoid tissue, leading to the formation of structures like 
those described in this report. It must be admitted, however, that 
congenital hyperplasia developing independent of external factors 
may produce the same effect. Both these possibilities may well 
occur; the fact that a formative process may go on independent of 
external stimuli in some cases, and dependent in others, is not sur- 
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prising. It is a well-known fact of developmental physiology, con- 
firmed by many embryologic experiments, that transitions between 
independent and dependent development exist in normal organo- 
genesis, too. 

The concept of the origin of certain circumscribed lymphoid hyper- 
plasias, as suggested here, is only a hj^othesis. Its correctness can 
neither be proved nor disproved by case reports as long as we do not 
know more about the normal and abnormal reaction and growth of 
the lymphoid tissue. 

Not much can be contributed to the clinical aspect of the problem 
under consideration. The differential diagnosis between lymphoid 
and ordinary polypoid hyperplasias will probably always remain a 
matter of histologic examination. Cases with infiltration of all 
layers of the intestinal wall, such as our Case 3, will probably cause 
the greatest diagnostic difficulties because malignancy must be ruled 
out. Dulres,® after describing 3 cases located in the rectum, espe- 
cially emphasized the possibility of confounding the structures in 
question with malignant neoplasms. Neither clinically nor histo- 
logically is there any evidence of malignanc}" in the formations de- 
scribed here. In the appendix, Gray and Heifetz'” pointed out that 
lymphoid hyperplasia can be of great importance because it may 
simulate or even produce appendicitis. As stated earlier in this re- 
port, benign hyperplasias of the lymphoid tissue, as described here, 
seem to occur more frequently than is usually believed. 

Summary. Five cases of circumscribed hyperplasia of histologi- 
cally normal lymphoid tissue in the intestinal tract are described. 
It is suggested that the formation of these structures requires a 
certain disposition and also a stimulation of the tissue involved. 
The importance of either of these factors may vary in individual 
cases. 
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THE DIAGNOSIS OP MULTIPLE MYELOMA BY STERNAL 

ASPIRATION.* 

By Lawrence H. Beizer, M.D,, 

FELLOW IN MEDICINE, MAYO FOUNDATION, ' 

Byron E. Hall, M.D., 

AND 

Herbert Z. Giffin, M.D., 

DIVISION OF MEDICINE, MAYO CLINIC, 

ROCHESTER, MINN. 

The first adequately described case of multiple myeloma was 
published in 1850 by Macintyre.® Since then information concerning 
this disease has slowly accumulated, but, even at the present, our 
knowledge of its pathogenesis is vague and diagnosis presents many 
problems. Ewing® stated that myeloma is used to designate tumors 
of the specific bone marrow cells; he included the lymphocyte, 
granular leukocyte and red cell series but excluded tumors arising 
from fat tissue, blood-vessels and those derived from indifferent 
endothelial cells. The adjective, multiple, is not strictly accurate 
since it is known that these tumors may arise in a single focus which 
may reach a considerable size before multiple tumors appear. Four 
types of myeloma have been reported; the plasma cell type, the 
myelocytoma, the lymphocytoma and the erythroblastoma. These 
differ only in the cytologic composition of the tumor masses and not 
in the gross appearance of the tumors or in the clinical course. 

The identification of the cell-type depended for many years on the 
appearance of the cells in histologic sections. It is interesting to note 
that Wright*® in 1900, from a study of histologic tissue, concluded 
that “the cells making up the bulk of the tumors are very like or 
identical with plasma cells” and that Christian* in 1907, from a 
histologic study of 6 cases, described the so-called myeloma cell and 
noted its resemblance to plasma cells. 

Recently, espeeially since sternal aspiration has been used ex- 
tensively, the cells have been classified according to their appearance 
in dry smear preparations stained with stains of the Romanowsky 
type. Almost invariably tumors studied in this manner have been 
classified in the plasma cell group.*® Because of this it has been 

* Read before the meeting of the Association of American Physicians, Atlantic 
City, New Jersey, May 7, 1941. 
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suggested that only one tjqie of cell is involved in all cases. AVhether 
to call this cell a plasma cell or merely a myeloma cell also has been 
questioned, since the cells differ in various respects from the classical 
descriptions. Pubhshed criteria for the recognition of typical plasma 
cells vary from the rather indefinite ones of Cajal and of Unna to the 
strictly delineated ones of Marschalko which refer particularlj’’ to 
the morphologic appearance of the cells in histologic sections.® 
This, coupled with the fact that many atjqjical forms exist even in 
normal tissues, complicates the matter considerably. Demonstra- 
tion of the origin of plasma cells would help to clarify the question, 
but there is no general agreement on this matter with respect to 
either the tjqiical or atjqiical forms. 

Diagnosis. The diagnosis of multiple myeloma is at times very 
difficult. The manifestations of the disease often focus attention 
away from rather than toward the underlying cause. In a given 
case the true diagnosis maj’’ remain in doubt for some period of 
time, often to be decided only at necropsy. Geschickter and Cope- 
land^ originally gave six cardinal diagnostic clinical signs of multiple 
myeloma, two or more of which thej'^ thought were usually present. 
These were “ 1 , multiple involvement of the skeletal trunk in an 
adult; 2, pathologic fracture of a rib; 3, the excretion of Bence- 
Jones bodies; 4, characteristic backache with signs of early para- 
plegia; 5, an othervdse inexplicable anemia, and, 6, chronic nephritis 
with nitrogen retention, low blood pressure and high serum proteins.” 
Since then, however, cases have been reported in which none of these 
features was present and several other characteristics have been 
described frequently enough to be important. These important 
features are; 1, hjqierproteinemia with reversal of the albumin- 
globulin ratio 2, hjq)ercalcemia with normal or high serum phos- 
phorus;® 3, evidence of autohemagglutination in the counting 
chamber, on blood smears, or detected by the cayenne pepper 
appearance of blood in the small vessels of the fundus when viewed 
tlirough the ophthalmoscope while pressure is being placed on the 
eyeball;^ and 4, the occurrence of an anticomplementary reaction 
when a complement-fixation test is carried out.'^ That none of these 
signs is pathognomonic is obvious. 

Early correct recognition of this disease is important since the 
predominance of certain of these features may lead to a mistaken 
diagnosis with an incorrect prognosis and at times futile diagnostic 
procedures or even fruitless surgical exploration, for example, 
search for parathjToid adenoma.®-*® The conditions with which 
confusion is commonest are rnetastatic skeletal lesions, hyperpara- 
thjwoidism, spondylitis, nephritis and leukopenic leukemia.^ When 
localized rarefaction of bones has been found roentgenographically in 
available sites, direct biopsy of the lesion has been done. This is not 
always possible and even when possible the surgical procedure 
involved is often undesirable. More widely applicable is the metliod 
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of sternal aspiration. Because of its simplicity it is rarelj^ if ever, 
contraindicated. 

The results of sternal aspiration which has been resorted to with 
increased frequency to assist in hematologic diagnosis within the 
past decade have been so satisfactory in cases of suspected multiple 
myeloma that Rosenthal and Vogeb^ stated: “A definite diagnosis 
is possible during life onlj^ when made by means of sternal biopsy 
or the more simple aspiration method of Arinkin.” Scott^^ reviewed 
reports in which sternal puncture showed a high proportion of mye- 
loma cells and added 2 cases of his own. He concluded: “Sternal 
puncture thus affords a rapid and certain means of diagnosing mye- 
lomatosis, and many cases have been recorded where diagnosis 
would have been impossible without examination of the bone 
marrow.” 

Data on Cases Studied. In the past 2 years we have had an oppor- 
tunity to study the 10 cases of multiple myeloma listed in Table 1. 
In each the condition was atypical in some way so that examination 
of the sternal marrow was desirable. In 4 cases, backache was the 
principal symptom; in one, cervical pain, and in one, arthralgia. 
Three of the patients sought medical attention because of symptoms 
associated with anemia. One of these also had fever and chills and 
one epistaxis and bleeding gums. 

Only one patient (Case 8) did not have anemia. In the other 
cases the hemoglobin ranged from 5.5 to 11.2 gm. per 100 cc. and 
the erythrocyte count from 1,910,000 to 3,210,000 cells per c.mm. 
Examination of blood smears disclosed autohemagglutination in 
7 cases. A leukemoid reaction was found in 4 of the cases and in 
2 myeloma cells were seen in the peripheral blood. 

In 7 cases the total serum protein was determined; in only one of 
these was it within the normal range of 6 to 8 gm. per 100 cc. of 
serum; in 6 the range was from 9.5 to 11.3 gm. per 100 cc. (Table 1). 
Ill the one case in which the serum protein was not elevated the 
albumin-globulin ratio was not reversed, while in the other 6 it was 
reversed. Bence-Jones protein was found in the urine in 6 cases. 
In one of these and in 2 cases in which Bence-Jones protein was not 
found it was sought for in the blood with negative results. The 
sedimentation rate was estimated in 6 cases (Table 1). In all of 
them it was elevated and in 5 of the 6 it was more than 125 mm. 
per hour. (Westgren method). The increase in the serum protein 
and the increase in sedimentation rate were parallel. 

In 7 of the 10 cases roentgenologic changes were recognized but 
in only 2 were they regarded as typical (Table 2). In one case 
generalized osteoporosis and pathologic fracture of one vertebra 
were found. In 4 it was impossible for the roentgenologist to express 
a definite opinion as to whether the changes were due to malignant 
metastasis or myeloma; in this group sternal aspiration was most 
valuable. 
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Results of Sternal Aspiration. A modification of Arinkin’s method 
was used in performing the sternal aspiration.i^ From 1 to 1.5 cc. 
of material was aspirated from the marrow cavity of the sternum 
and placed in a paraffin-lined test tube containing a small amount of 
heparin. Smears were made and stained with Wright’s stain fol- 
lowed by Giemsa’s stain. In those cases in which the nucleated 
cells were not abundant enough for convenient study, the material 
was concentrated by centrifugation in a Wintrobe" tube and the 
“buffy” layer was used to make the smears. 

Table 1.— Findings in Periphebal Blood in 10 Cases or Multiple Myeloma. 





Aulo- 

Total serum 

Albumin- 

Sedimen- 


Age (yrs.) 

hemagglu- 

protein, 

globulin 

tation rate, 

Case. 

and 

eex. 

tination. 

mg. per 100 cc. 

ratio. 

mm. in 1 hr. 

1 . 

. . 51 

M 

+ 

11.2 

1:2.8 

140 

2 . 

. . 61 

M 

+ 

11.3 


158 

3 . 

. . 62 

M 

+ 




4 . 

. . 63 

F 

+ 

11.2 

1:3.6 

142 

5 . 

. . 50 

M 


10.2 

1:3.9 

139 

6 . 

. . 43 

F 

0 

9.5 

1:1.24 

12S 

7 . 

. . 60 

M 

0 



39 

8 . 

. . 53 

M 

+ 




9 . 

. . 60 

F 

0 

6.3 

2.39:1 


10 . 

. . 42 

M 

+ 

9.7 

1:1.4 



Plasma cells make up less than 1% of the leukocytes in the 
material obtained from normal persons by sternal aspiration. These 
cells are morphologically identical with those seen in the peripheral 
blood. In 8 of our cases the aspirated marrow contained cells which 
resembled plasma cells in that the cytoplasm was deeply basophilic 
and the nuclei eccentric, but which differed from them in various 
ways. The size of these cells varied from that of a lymphocyte to 
cells having a diameter of 25 microns. In these cases the cells could 
be arranged in a series in which the differences between the cells 
from succeeding cases were slight, although the differences between 
the cells at the extremes of the series of all the cases were fairly 
great. A similar situation was found by Christian when he studied 
the cells in histologic sections. For the most part the cells in a given 
case were uniform in appearance, although in several of the case.s 
they varied considerably. ■ 


Table 2.— Sternal Aspir.vtion and Robntgbno graphic Observations in 
10 Cases of Multiple Myeloma. 



Myeloma cells 


Case. 

in marrow, 

%. 

Roentgenologic findings. 

1 . 

7.3 

Generalized osteoporosis and com- 



pression fracture of 1 vertebra 

2 . 

.... 0.0 

Absent 

3 . 

72.0 

Absent 

4 . 

. . . . 2.3.5 

Question of myeloma or metastasis 

5 - 

.... 2.0 

Question of myeloma or metastasis 

6 . 

.... 39.5 

Probably metastatic 


. . . . 90.0 

Metastasis 

S 

. . . . 27.5* 

Typical of multiple myeloma 

9 . 
10 . 

.... 11.5 

. . . . 51.0 

Typical of multiple myelorna 
Absent, but only ribs examined 


* Typical plasma cells. 
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The most characteristic and readily recognizable of the cells en- 
countered were those with an abundant, definitely outlined, deeply 
basophilic cytoplasm, a moderate-sized round, eccentrically placed 
nucleus having a fairly coarse chromatin which was sharply demar- 
cated from the parachromatin, and a very large nucleolus. Some of 
these were present in all of the 8 cases and were designated myeloma 
cells (Fig. la and h). 



Fig. 1. — Myeloma cell, a (Case 3), apparently derived from stem cell (Wright- 
Giemsa stain, X 950) ; b (Case 9) , apparently derived from reticulo-endothelial cell 
(same stain and magnification) . 

Fig. 2. — Typical plasma cell from Case 8 (Wright-Giernsa stain, X 950). 

Minor variations from this description concerned all parts of the 
cell. The amount of cytoplasm varied from a narrow rim about the 
nucleus in some instances to a large quantity in others. Usually 
deeply basophilic it was at times somewhat lighter in color. Occas- 
ionally multiple small vacuoles were present, although characteris- 
tically the cytoplasm was clear or homogeneously granular. A peri- 
nuclear zone was not common. In most instances the cell membrane 
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was distinct and the outline round or oval, but an irregular shape did 
occur. The nucleus was always round and usually larger than that 
seeri in tj^pical plasma cells. The nuclear membrane was always 
distinct. The chromatin varied in its coarseness and pattern, but in 
no instances was it blocklike. In some of the cells it seemed to 
approach that seen in the stem cell (Figs, la and 3) while in 2 cases 
the nuclear pattern seemed more closely related to that of the retic- 
ulo-endothelial cell (Figs, lb and 4). Though characteristically the 
cells contained a single large nucleolus, in some there were none and, 
in some, more than one. The size of a small number of the cells was 
huge with respect to both the cytoplasm and nucleus. Multiple 
nuclei occurred ; instances of two, three and four nuclei of the type 
described wmre seen. Mitosis was encountered occasionally but was 
relatively rare. 

The aspirated marrow^ in Case 8 contained an abnormally high 
percentage (27.5%) of plasma cells (Fig. 2). Thej'^ had an abundant 
deeply basophilic cytoplasm with an eccentrically placed small 
nucleus containing coarse clumps of chromatin; a few cells with 
somewhat larger nuclei, but not nucleoli, were seen. 

Cells resembling the ones described were not encountered in the 
sternal marrow in Case 2, and the plasma cells were not increased in 
number. This is not an inconsistent finding, and indicated that the 
sternal marrow was not yet involved. 

Thus in our cases the cells which resembled plasma cells ranged in 
appearance from those identical with the plasma cell seen in the 
peripheral blood and normal bone marrow to the characteristic 
myeloma cell. We have found identical cells in imprint preparations 
and dry smears of tissue obtained from dhect biopsy of a lesion or 
from necropsy in other cases in which the lesions were typical ex- 
amples of multiple myeloma histologically. One reason for desig- 
nating the cell with a large nucleolus a myeloma cell is the fact that 
w'e have not found it to be present in bone marrow from any of the 
other conditions which we have studied in the course of diagnostic 
examinations of'sternal marrow in 160 instances. 

Summary and Conclusions. Myeloma has been suspected and 
sternal aspiration has been valuable in cases in which one of the 
following features was encountered; unexplained anemia with mal- 
nutrition; unexplained pain in the bones with absence of any ab- 
normality in the roentgenograms; roentgenographic findings indi- 
cating the possibility of metastasis to bone without obvious primary 
malignancy; evidence of nephritis with hj'perproteinemia ; h\per- 
proteinemia without nephritis; questionable hjqierparathjToidism, 
and evidence of autohemagglutination in the blood smears or in the 

circulation of the eyegrounds. _ _ . , • , , r 

Sternal aspirations were carried out in 10 cases in which the diag- 
nosis of multiple myeloma. wms strongly suspected. In 8 cases 
myeloma cells were found. In one an increased proportion of tlie 
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marrow cells were plasma cells. In one case the material obtained 
was not abnormal. The following conclusions seem warranted: 

1. The presence ^ of mjmloma cells in bone marrow obtained by 
sternal aspiration is pathognomonic of multiple myeloma. 


Fig. 3 



Fig. 4 


Fig. 3. — Representative field from Case 3. Origin from stem cell is suggested. 
Autohemagglutination, is evident (Wright-Giemsa stain, X 950). 

Fig. 4. — Representative field from Case 7. Note eccentrically placed nuclei and 
large nucleoli with fairly abundant cytoplasm. The character of the chromatin 
suggests origin from the reticulo-endothelial cell (Wright-Giemsa stain, X 950). 

2. An increase in the proportion of typical and atypical plasma 
cells found is suggestive of multiple myeloma. 

3. The absence of abnormal findings in the sternal marrow does 
Rot rule out the diagnosis. 
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THE ACTION OF THE ANTIPERNICIOUS ANEMIA PRINCIPLE ON 
THE BLOOD PICTURE OF OPOSSUM POUCH-YOUNG 
AND RAT EMBRYOS.* 
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(From the Departments of Pharmacology and Biochemistry, University of Chicago.) » 

The only method of measuring potency of liver preparations is 
the clinical assay on “suitable,” uncomplicated pernicious anemia 
patients in a state of relapse. The disadvantages in having to 
depend on the fortuitous appearance of an ever-decreasing number 
of satisfactory pernicious anemia cases at certain hospitals and 
clinics for the quantitative assay of a drug are immediately 
apparent. The present U.S.P. unit of potency for liver preparations 
is defined on the basis of the remission of the blood picture in "suit- 
able” patients. The unit is vague and unsatisfactory. 

Space does not permit a critical discussion of the numerous, bio- 
logic tests proposed, but with few unconfirmed exceptions^ none 
would serve as a valid indicator for the potency of liver preparations. 
Of special interest have been the reports that antipernicious anemia 
(A-P-A) principle accelerates the maturation of embryonic blood 
elements. In 1880, Ehrlich pointed out that the morphologic 
identity of the erythroid cells of the primitive, prehepatic genera- 
tion of red cells in the embryo and the megaloblastic generation of 
red cells characteristic of untreated pernicious anemia. He postu- 
lated erythropoiesis in pernicious anemia to be an embryonal rever- 
sion. At present it is believed that the red cells of the primitive 
generation in the embryo though morphologically similar are not 
identical -with the megaloblastic generation of pernicious anemia.®" 

* Aided by grant from Armour Research Fund of the Universitj’ of Chicago. 
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The possibility that embryonic and megaloblastic erythropoiesis 
might respond in a similar manner to liver therapy has stimulated 
interest in the fetal approach tocthe bio-assay problem.^® 

In 1928, it was reported that blood island maturation in early 
chick blastoderms was accelerated by the addition in vitro of liver 
preparations.® This work could not be confirmed.'^ The injection 
of liver extracts into the unincubated egg does not change the blood 
picture of the developing chick embryo before and during the anlage 
of the bone marrow.^® The blood picture in the rabbit fetus has 
been reported unaffected by the A-P-A principle.^® It has recently 
been reported that the injection of anti-anemia principles does alter 
the blood picture of opossum pouch-young.^®®-® Extensive studies 
have been reported on the response of the new-born rat whose 
mother was treated with anti-anemia substances. Accelerated 
maturation has been observed^ but has not been confirmed.®-®-^^ 
Recent observations of accelerated maturation of primitive erythro- 
poiesis in the yolk sac of the 11-day rat fetus subsequent to liver and 
ventriculin therapy in the pregnant rat emphasize the necessity of 
studying the prehepatic, “megaloblastic” generation of cells.®®-® 

The positive findings in the opossum pouch-young and 11-day rat 
has prompted further study of the embryo with the view of develop- 
ing a method of bio-assay for the antipernicious anemia principle. 

Methods. United States Bureau of Standards hemocytometers and 
Trenner automatic red cell pipettes were used for red blood cell counts. 
Hayem’s solution was the standard diluent. Three-tenths per cent brilliant 
cresyl blue in isotonic salt solution was used as the diluent and stain for 
reticulocyte counts. The Newcomer method was used for hemoglobin 
determinations. Van Allen tubes were used for hematocrit determinations 
with heparin as the anticoagulant. All dry blood smears were stained with 
May-Griinwald-Giemsa stain. 

In the opossum work, 45-day-old pouch-young, about 65 mm. long 
(snout-rump length), were injected subcutaneously with daily doses of 
3 units of a potent liver preparation, for 7 to 9 days.* The young remained 
attached to the maternal nipple throughout the injection period. Controls 
consisted of litter mates either uninjected or receiving an inactive liver 
preparation (70% alcohol insoluble fraction).! Due to the size of the 
animals it was necessary to decapitate the young to obtain blood samples 
for red cell counts and hematocrit determinations. The mother opossums 
were maintained on a diet of raw meat, fox chow pellets, and water. 

In the rat work, young adult female rats from our stock colony (mixed 
strain) were mated and on the twentieth, fifteenth and eleventh day of 
pregnancy the fetuses were removed under ether anesthesia with the 
amnion, yolk sac, and placental button intact. Decapitation of 20-day 
fetuses was employed to obtain blood samples. Mean corpuscular volumes 
of the red cells were calculated from red cell counts and hematocrit readings. 
Blood from the 15-day fetuses was obtained by puncturing the vitelline 
vessels lying on the yolk sac. The circulating blood of the 15-day fetus is 
comprised predominantly of erythroblasts, normoblasts, non-nucleated 
reticulocytes and erythrocytes of the prehepatic generation. Therefore, 

* Generously contributed by Dr. Guy Clark of Lederle Laboratories. 

t Obtained through the kindness of Armour Laboratories. 
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accelerated maturation of primitive eiythropoiesis reported in the 11-day 
fetus should appear in a study of the blood of the 15-day fetus. Since the 
percentage of non-nucleated cells rises rapidly between the fourteenth and 
eighteenth days of fetal life, a significant increase above the control per- 
centage value at 15 days represents accelerated maturation of primitive 
erjdhropoiesis. One sample of blood was smeared, dried, and stained as 
described above. Supravitally stained wet preparations were also made 
by mixing another drop of blood with 0.18% brilliant cresyl blue in isotonic 
salt solution. One thousand cells per fetus were counted, 500 on a wet 
preparation and 500 on a dry smear. The choice of 4 fetuses jdelded a 
representative sample of a litter. The weight of each fetus was recorded, 
since the body weight was considered the most accurate gross measure of 
fetal development in the rat. 

_ The small size of the 11-day embryos required the use of a binocular 
dissecting microscope to free them from their membranous investments. 
Blood smears were made from heart blood and stained in the usual manner. 
The circulating red_ blood cells of the 11-day rat fetus are, for the most part, 
immature basophilic cells of the primitive generation. As maturation and 
mitosis occur intravascularly, the cytoplasm becomes polychromatophilic 
and hemoglobiniferous. Concurrently there is a marked decrease in nuclear 
size udth condensation of nuclear chromatin. A significant decrease in 
nuclear diameter would be indicative of accelerated maturation of primitive 
erji/hropoiesis. Nuclear diameters were measured by means of a camera 
lucida. Again, 4 embryos per litter were used and 50 cells per embryo were 
measured. 

In the 20-day embryo group, the liver-treated animals received 7.5 u. 
on the first day of pregnancy, 7.5 to 15 u. on the ninth, tenth or fourteenth 
day, and a 1.5-u. daily maintenance dose. The rats received a total of 
41.5 to 49 U.S.P. units during the 20-day; period of pregnancy. The mother 
rats in the 15-day group were usually given 3.6 to 7.5 u. on the sixth day 
of pregnancy and maintained on 1.5 u. daily througii the fourteenth day. 
Rats on a 31-u. level received 7.5 u. on Days 6, 7, and 8, unth subsequent 
1.5-u. maintenance dose daily. Total doses varied from 9 to SI U.S.P. 
units per rat. In the 11-day group, the rats received 12 to 75 u. during the 
eighth, ninth, and tenth da 5 "s of pregnanc 5 ’;. In this group pregnant rats 
were also fed fox chow checquer diets containing 2.5 % Ventriculin by weight. 
This dosage has been reported as optimal for accelerating maturation of the 
primitive generation in the 11-day embrj^o. Ail pregnant rats were treated 
with potent anti-anemia preparations before, during, and after the anlage 
of the mesoderm which gives rise to the blood-forming tissues in the embr 3 ' 0 . 
With the exception of the 11-day group which was fed a fox chow checquer 
diet, the 20- and 15-daj’- groups were fed a stock ration of corn meal, pow- 
dered miUc, raw meat, bone meal and fresh water. 

Results. The blood values of 27 opossum pouch-young are listed 
in Table 1. The mean corpuscular volumes of the red cells compare 
favorably in the animals receiving potent liver therapj’, inactive 
liver preparations, and no injections. There is also no appreciable 
change in the red cell count. The series of animals is of necessity 
small, due to the difficulties in obtaining opossums from the South 
and to the fact that the animals breed only in the spring of year. 
Contrary to positive reports, no accelerated maturation of the blood 
picture as reflected by a significant decrease of the mean corpuscular 
volume of the erythrocytes was observed in the pouch-young receiv- 
ing liver therapy. 
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Tabi.e 1,— The Response of Opossum Embryos to Liver Therapy. 


Thertipy. 

Controls (initially removed) 
Controls (uninjectod) 

Liver e.vtract (innctive)ll 
Liver extract (Ledcrle) . 


No. of Length* Weight Hemato- 


embryos. 

(mm.). 

(Em.). 

R.B.C.t 

crit.t 

M.C.V.§ 

G 

04 

8.2 

2.55 

30.1 

118.7 

2 

73 

• . • 

3.25 

35.2 

109.2 

0 

75 

12.1 

2.49 

31.5 

128.4 

13 

70 

12.4 

2.70 

30.8 

112.3 


* Snout-rump length (moan), 
t Erythrocytes in millions per mm.® (mean). 

1 Per cent packed erythrocytes (mean), 
i Mean corpuscular volume in cubic micra (mean). 
51 70% alcohol insoluble fraction. 


The lack of a response to the A-P-A factor in the normal 20-day 
rat fetus is illustrated in the summary of 46 fetuses in Table 2. The 
red cell counts and mean corpuscular volumes of the treated animals 
compare favorably Avith the uninjected controls. 


Table 2. — Effect of Liver Extract on the Blood Picture of 20-day' Rat 

Embryos. 

R.B.C. Hematocrit. M.C.V. 


Therapy. Litters. Fetuses. 

Mill.* O'. 

%.t 

a. 


a. 

Controls (uninjeeted) . 4 22 

1.95 

0.73 

38. 9 

4.9 

189.0 

18.4 

Lcderle liver e.xtraot, 

41.5-49 U.S.P. units 5 23 

2 12 

0.25 

38.5 

3.1 

185.0 

11.5 


* Erythrocytes in millions per mm.® (mean), 
t Per cent packed erythrocytes (mean). 
t Mean corpuscular volume in cubic micro. 


In the large series of Ih-daj' rat embryos studied, considerable 
variation in the development of embryos Avas observed. Figure 1 
illustrates the per cent non-nucleated cell values as plotted against 
fetal weight. 



Fig. 1. 


Is the response of the animals receiving liver therapy biologically 
significant? The distribution of variation of the control animals 
contains tAvo components, i. e., the variation at any given fetal 
weight and the upAvard trend. Since the trend factor is fortuitous 
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and unnecessary for comparison of a treated and untreated animal 
at any given fetal weight, it can be eliminated. By fitting a straight 
line to the control curve by the least squares method and by calcu- 
lating the distribution of variation of control values from the straight 
line, the standard deviation can be determined independently of the 
trend. The means of per cent counts on treated and untreated 
animals as compared with the means of the calculated normal 
response determined from the straight line equation are listed in 
Table 3. In no instance does a mean of a treated group of rats 
exceed the calculated control value by the conventional two sigma. 


Table 3. — Comparison of Differential Counts on Treated and Control 

15-dav Rat Embryos- 

Per cent non-nucleated cells 





Mean 


(mean values). 





fetal 









weight 

'U^’et smears. 

Dr\’ smears. 

Therapy. 

Litters, 

Fetuses. 

(mg.). 









Expt. 

Cale.t 

Expt. 

Cale.t 

Controls (untreated) 

. 30 

120 

240 

22.4 

22.4 

26.2 

26.3 





a = 

3.3 

a = 

4.4 

Lederle liver extract; 








A. 9 units . 

3 

12 

240 

19.6 

22.2 

18. r 

23.8 

B. 12 units . 

3 

12 

240 

20.1 

20.7 

26.4 

23.8 

C. 19 units . 

. 6 

24 

240 

25.9 

22.1 

30.0 

23.4 

D. 31 units . 

9 

36 

240 

21.8 

22.6 

25.3 

26.5 

.■Irraour liver extract: 








A. “ 19 units"* . 

. 8 

32 

240 

26.4 

22.6 

26.5 

23.4 

B. "31 units”* . 

7 

28 

230 

29.9 

24.6 

32.0 

28. 6 


* A unit equivalent to 15 gm. of fresh beef liver. 

t Means of values calculated from straight line equation fitted to control data by tbe least 
squares method where x ** fetal weight and y * per cent non-nucleated cells. 

To obviate the criticism that in a study of the 15-day embryo one 
would not observe the effects of the A-P-A principle on the primitive 
generation, it was necessary to investigate the effect of liver and 
Ventriculin on tbe immature primitive cells in the 11-day rat em- 
bryo. Table 4 summarizes the response of the 11-day embryo to 
anti-anemic therapy. 

Table 4. — Nvclbas Dia.metebs of Tbeated and Covtkol 11-day Rat Embryos 


Therapy. 

Litters. 

Embrj'os. 

Nuclear diameters 
(;i-average). 

Controls (untreated) . 

. ... 12 

50 

S.5 

Ventriculin* .... 

, ... 7 

28 

8.4 

Lederle liver extract: 

A. 12 units 

. . . . 4 

19 

8.6 

B. 37 units 

. . . . 1 

4 

8.5 

C. 45 units 

. . . . 1 

4 

8.0 

D. 52 units 

. . . . 1 

4 

S.2 

E. 60 units 

. . . . 4 

16 

8.3 

F. 75 units 

. . . . 1 

4 

S.5 


* Added as 2.5% of fox chow checquer diet. 


In no cases is there a significant decrease in the nuclear diameters 
of a treated group of embryos over controls. 

Discussion. The lack of a response of the opossum pouch- 3 'oung 
and the rat embrjm to the A-P-A principle necessitates a more 
critical evaluation of the fetal approach to the bio-assay problem. 
Since A-P-A factor is ineffective in altering the embryonic blood 
picture, either the embryo does not require the A-P-A principle, or 
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it receives a sufficient supply from maternal stores, or it manufac- 
tures its own supply dc novo. The assumption of placental .transfer 
of the A-P-A factor though probable from indirect evidence is still 
open to question. 

The fallacy in the rationale of the fetal approach is to disregard 
the past historj'^ of the eiythrocj'tes in comparing the blood picture 
of the embryo with that of a pernicious anemia patient receiving 
liver therapy. The macrocytes in the blood of pernicious anemia 
reflect a megaloblastic erythropoiesis which is an abnormal process. 
The large primitive erythrocytes in embryonic blood are the mature 
elements of primitive erythropoiesis which is a normal physiologic 
process. Furthermore, the immature cells of the primitive embry- 
onic and megaloblastic generations are not cytologically identical. 

It is difficult to reconcile the positive findings in the opossum 
pouch-young with those of the 1 1-day rat embryo. In the 1 1-day rat 
embryo, A-P-A factor might conceivably accelerate the intravascu- 
lar maturation, of the immature primitive erythroblasts. In the 
45-day opossum, the primitive generation has matured to the 
erythrocyte stage and is rapidly being replaced by small definitive 
red blood cells. Thus, any changes appearing in the peripheral 
blood must be due to the action of the A-P-A factor on the bone 
marrow or liver. No histologic evidence has been presented to 
indicate any stimulation of definitive erythropoiesis in opossum 
pouch-young or new-born rats. It has been conclusively demon- 
strated that the A-P-A factor does not affect definitive erythropoiesis 
in the normal animal. Furthermore, the response reported in opos- 
sum young is non-specific, in that gastric juice which is ineffective 
in the treatment of pernicious anemia also elicits a response in the 
opossum. 

No explanation can be offered for the discrepancy between our 
findings and those in the literature on the opossum pouch-young and 
the 11-day rat embryo. The results of our experiments on the 20-, 
15- and 11-day rat embryo and opossum pouch-young are in agree- 
ment with the findings of other workers who failed to detect any 
response of the normal mammalian embryo to anti-anemia therapy. 

Summary. 1. Potent, standardized anti-anemia preparations 
were injected into or fed to pregnant rats and 45-day opossum pouch- 
young. Rats received therapy before, during, and after formation 
of the anlage of the mesoderm in the developing embryo. 

2. No evidence of accelerated maturation as reflected by changes 
in the red cell count or mean corpuscular volume following liver 
therapy was observed in a study of 27 opossum pouch-young and 
46 20-day rat embryos. 

3. In a series of 264 treated and untreated 15-day fetuses from 
66 litters of normal rats, statistical analysis of the data indicates 
the response in liver-treated animals to be within the range of bio- 
logic variation. 

VOL. 203, NO. 6. — JUNE, 1942 2S 
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4. Liver and Ventriculin therapy did not alter the maturation 
rate of the primitive generation of red cells in 132 11-day rat em- 
bryos studied; 

5. Embryogenesis of blood in the opossum and rat is unaffected 
by the antipernicious anemia principle and therefore neither opos- 
sum pouch-young nor rat embryos should be used to bio-assay anti- 
anemia preparations. 

Acknowledgment is made to Drs. E. M. K. Geiling, F. C. Koch, W. Bloom, C. R. 
Moore, K. Kato, O. P. .Tones and J. Stasney for their helpful suggestions and guidance 
in this work. 

Addendum; After this manuscript was submitted for publication, a paper bv 

O. P. Jones appeared (Arch. Int. Med,, 68, 476, 1941) questioning the lack of response 
of the 15- and 11-day embryos to anfi-anemic therapy in the pregnant rat. The 
study of the 15-day rat embryo was criticised because “changes in the cells of the 
prehepatic generation are apt to be attenuated or completely masked by the rapidly 
growing normoblastic generation." This criticism, however, is apparently unsub- 
stantiated by experimental facts. The circulating blood cells of the 15-day embryo 
are predominantly primitives of the prehepatic generation with relatively few defini- 
tives of the normoblastic generation. Since the maturation rate of both generations 
of embryonic red cells in the rat has been reported to be accelerated bs' anti-anemic 
therapy, the 15-day embryo should reflect changes in either or both generations of 
cells. Furthermore, hematopoietic responses in the 15-day embryo can be more 
easily and accurately determined in contrast with the tedious, impractical method 
of measuring the diameters of hundreds of cells in the 11-day embryo. However, 
no marked changes were observed in the blood pictures of either 15^- or 11-day rat 
embryos after injection of potent anti-anemic preparations or the feeding of Ventricu- 
lin to pregnant rats. 

As additional evidence that primitive prehepatic erythropoiesis can be altered by 
the anti-anemic principle, Jones quotes extensively the work of Sabin wherein the 
addition of liver extracts to chick blastoderms in vitro appeared to accelerate the 
maturation of the prehepatic embryonic red ceils. Reference to the later work of 
MuUer was omitted. Muller, n-ith Sabin’s assistance, failed to confirm Sabin’s 
preliminary work on chick blastoderms. 

The entire magnitude of the response to Ventriculin therapy in treated animals as 
reported by Jones was 5% or less. With a response of 1% to 5% it is necessary to 
evaluate criticallj' the control line above which the response occurred. Jones' data 
are conspicuouslj' lacking in adequate controls. In fact, it is difficult to ascertain 
what or where the controls are. No information as to the number of control animals 
is given. A textual reference to 5 rats is made with the statement, “This series 
could not be used in the present quantitative study because there were differences in 
time of mating the rats, their diets, and the method of sampling blood from the 
embryos.” With no adequate control data the validity of 2% or 5% response based 
on data from 2 to 3 rats per dosage level is open to serious question. The value of 
such a response as a quantitative measure of the potency of anti-anemic preparations 
is questionable, especially when one considers that biologic variation in a large series 
of animals is conservatively estimated at 10% and that in most U.S.P. bio-assay 
methods a variation of =±=20% of the standard is permissible. 

Assuming that the “response” does occur, it cannot be concluded that the slight 
changes noted were due to the antipernicious anemia principle. The lack of adequate 
control experiments wherein other tissue extracts, prepared in a manner similar to 
Ventriculin concentrate, would be both injected and fed to pregnant rats makes it 
difficult to draw valid conclusions concerning specificity of Jones’ observations. 
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THE EFFECT OF LIVER EXTRACTS UPON ERYTHROPOIESIS 
IN THE CHICK EMBRYO.* 

By Edwin E. Hays, 

RESEARCH ASSISTANT IN BIOCHEMISTRY, 

Jules H. Last, 

RESEARCH ASSISTANT IN PHARMACOLOGY, 

AND 

F. C. Koch, 

frank P. HIXON distinguished service professor EMERITUS OF BIOCHEMISTRY, 

DEPARTMENTS OF BIOCHEMISTRY AND PHARMACOLOGY, UNIVERSITY OF CHICAGO, 

CHICAGO, ILL. 

The concept that the red cells in pernicious anemia are morpho- 
logically similar to those found in the embryo has been the basis of 
several attempts to'*’® devise an assay method for the antipernicious 
anemia factor. 

The embryonic chick has the advantage that it is possible to 
direct the active liver fraction to the embryo itself without depend- 
ing upon placental transfer, and the uncertainty of absolute age of 
the embryo, as is the case in mammalian studies, is practically 
eliminated. The erythropoietic organ, the yolk sac, is also readily 
available for study in contrast to that in mammals. The availa- 
bility of the experimental animal cannot be overlooked. 

Reimer® studied the 9- to 15-day embryo. In his hands small 
doses had no effect upon the formation of erythroid elements in the 
bone marrow. Sabin,^®“ using in mvo mounts of 3-day chick em- 
bryos, reported that active material prepared by Cohn caused a 
second division of primitive megaloblasts in the blood islands. 
Muller® failed to confirm this finding. 

These considerations led us to undertake the study of various 
potent liver fractions upon the chick embryo during the^formation 

* We wish to extend our gratitude to Armour & Co. for the grant under which 
these studies were made. We also wish to express our thanks to the Abbott Labora- 
^ries, Chappell Brothers, Lederle Laboratories, Inc., Ely Lilly and Company, and 
uilson Laboratories, as well as Armour & Co., for the quantities of active liver 
preparations they kindly supplied for these studies. 
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of the definitive, or mature, generation of red blood cells and their 
replacenmnt of the primitive generation in the circulating blood 
and/or effect upon the blood at the site of its formation in the blood 
islands of the yolk sac. 

According to Dantschakoff^ the comparison between chick and 
mammalian erythropoiesis is indicated by this diagram; 


Chick Embryo Yolk Sac. 

Large “lymphocyte” — > Primitive 

i erythroblast 

Later “lymphocyte” Progressive 

i erythroblast 

"Lymphocyte” Definitive 

erythroblast 


Mammalian Embryo Yolk Sac. 
Primitive — » Primitive 

blood cell erythroblast 

Lymphocyte — » Definitive 

erythroblast 


The early forms of the primitive erythroblast are the cells re- 
garded as morphologically similar to the megaloblast found in 
human pernicious anemia. Clear-cut differentiation of primitive 
erj’throid types in the yolk sac is admittedly difficult and hence the 
possibilitj’^ of changes in the yolk sac being reflected in the circulating 
blood was examined first. 

From Sabin’s^®* studies on in vivo mounts, it is known that granu- 
locytes begin to wander into the circulating blood after the third 
day of incubation, the circulating lymphocytes (mature lymphocytic 
elements as contrasted with the erythroid elements of Dantschakoff) 
appear during the fourth day. These cells occur in small clumps in 
whole blood smears and should be readily distinguished from imma- 
ture red cell forms. 

If an acceleration in the rate of maturation or production of the 
definitive generation could be produced as a specific result of the 
injection of anti-anemia preparations, this change might be observed 
in the circulating blood at the proper transitional stage as well as 
in the yolk sac itself. This type of transformation is considered by 
some to be the mechanism involved in the response by anemia 
patients to liver extract. 

If the circulating blood does not show any change, then the cyto- 
logic structure of the cells in the yolk sac might indicate whether 
there has been a stimulation in the production of the more mature 
cells without their release into the blood stream. 

Methods. Injection. All injections were made under sterile condition.^ 
in a tissue-culture transfer chamber. The egg was placed ndth its pointed 
end upwards arid after carefully wiping with 70% alcohol was pierced with 
a sterile lancet. The liver extract was injected directly into die egg white 
by means of a syringe through a short needle. After injection, the hole 
was sealed nith boiled paraffin hawng a melting point between 50° and 
55° C. The volume injected varied from 0.05 to 0.5 cc., however the 
majorit3" of injections were 0.2 cc. All samples were rendered phenol-free 
bj’’ repeated vacuum concentration and dilution with water and were 
sterilized bj"^ means of a pressure Seitz filter.^ Fertile Redrock eg^ were 
used and were incubated at 102° F. in a constant temperature incubator. 

Preparation of Smears and Yolk Sacs. The eggs were candled and set 
so that the embrj'o floated on top and the shell carefullj' chipped away m 
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order to expose the area vasciilosa without breaking the yolk sac. A large 
vessel, preferably_ an artery, was carefully pricked with a fine needle and 
the blood drawn into a capillary pipette. Smears were made in triplicate 
using the slide and coverslip method and were stained with May-Griinwald- 
Giemsa stain. Five hundred consecutive cells were counted on each slide. 

In later studies, after obtaining the blood sample, portions of the yolk 
sac were excised, spread on a small watch-glass, and immediately fixed 
with Zenker-formalin for 20 minutes. These were stained with hema- 
toxylin-eosin-azure II according to the technique of Maximow, as described 
by Loosli." They were mounted in balsam. 

Means of Evahialion. The possibilities for an evaluation of the prepara- 
tions were: 1, the determination of the rate of maturation of the red cells 
of the different generations; and 2, the histologic differentiation of the cells 
in the blood-forming organs. 

The method most practical for determining an increased maturation of 
red cell types in the circulating blood was that of differential cell counts upon 
smears. Since the definitives are easily distinguished from the primitives 
in such smears, an increase in their concentration at a given stage should 
indicate an increased formation with a corresponding increased maturation 
of the primitives which they replace. The source and cause of the difference 
could be determined in the jmlk sac preparations. 

In all cases the embryos were weighed in order to determine age. 

Experimental. Preliminary studies showed that the definitives 
occur only occasionally in the circulating blood before 4| days of 
incubation and that their replacement of the primitives may be 
indicated by the percentage of definitives in the total number of 
cells. Plence^ the 5 days’ incubation was chosen as best suited for 
our study. 

Doses of 7 human units injected before incubation produced a 
a pronounced increase in definitives over the untreated controls. 
Different commercial liver preparations of known therapeutic activ- 
ity were injected at different levels. Extracts prepared from heart 
muscle and yeast were also used. Table 1 summarizes the results. 


Table 1. — Ehythhopoiesis in Chick Embryos Injected Before Incubation. 




Total 


Average 

with over 50 



No. of 

solids 

No. of 

weight 

definitives per 

% “re- 

Extract. 

units. 

(mg.). 

embryos. 

(mg.). 

1000 cells. 

sponse. ' 

None (controls) . 



160 

182 

11 


Saline 



13 

186 

8 


Bacto-peptone 


145.0 

13 

188 

39 

255 

Difco Beef Extract . 


112.0 

5 

181 

20 

8 



66.2 

6 

184 

0 


Yeast 


118.0 

5 

190 

0 


Whole stomach . 


63.0 

15 

176 

36 

227 

Heart .... 


64.5 

8 

183 

12 


Lederle Liver Extract 

2.0 

15.9 

20 

194 

10 


Lot No. 381H243S 

3.0 

26.0 

7 

178 

35 

218 


5.3 

47.1 

26 

180 

45 

309 


7.1 

58.0 

57 

177 

51 

364 


11.3 

96.2 

4 

178 

50 

355 


13.5 

113.0 

12 

175 

50 

355 


15.0 

130.2 

7 

176 

84 

684 


18.0 

181. 5t 





Abbott .... 

7.5 

78.0 

11 

176 

55 

400 


* Percentage over controls obtained by subtracting 11 from the value and dividing 
by 11. 
t All died. 
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_ In an attempt to decrease the dosage required per chick embryo 
injections were made directly on top of the area vasculosa at various 
stages of incubation. Injection at the third day of incubation 
appeared to give the best response. Table 2 summarizes the 
results. 


Table 2.— Erythkopoiesis in Chick Embryos Injected on Third Day or 
Incubation on Area Vasculosa. 


Total 

solids 

Extract. (mg.). 

None (controls) ... 

Saline 

Yeast 2.2 

6.0 • 

Heart muscle . . . . 1 . 1 

Lederle Liver Extract, Lot 1.0 

No. 381H335B ... 2.4 

3.7 

5.0 
9.5 

Same in saline . . 0.1 

1.0 


No. of 

Average 

weight 

% oyer 50 
definitives per 

% "le- 

cmbrj'os. 

(mg.). 

1000 cells. 

sponse.” 

158 

179 

14 


22 

164 

21 

50 

5 

178 

60 

328 

C 

185 

50 

257 

7 

190 

70 

400 

4 

172 

100 

614 

7 

160 

42 

200 

6 

170 

66 

371 

6 

184 

0 


19 

177 

75 

435 

10 

182 

20 

43 

3 

190 

66 

371 


It is apparent from Tables 1 and 2 that the response is non- 
specific and erratic. The question arises as to the significance of 
the values noted in Table 1. If the frequency of distribution is 
plotted for all 551 control smears. Table 3 results. According to 


Table 3.— Frequency of Distribution in 551 Control Smears. 


No. of 

% of total 

No. of 

% of total 

definitives 

number 

definitives 

number 

per 1000 cells. 

of cells. 

per 1000 cells. 

of Cells. 

0 . . . 

5.7 

41- 50 . . 

. . 3.8 

1-10 . . . 

. 40.8 

51- 60 . . 

. . 3.4 

11-20 . . . 

. 19.3 

61- 70 . . 

. . 2,2 

21-30 . . . 

10.5 

71-100 . . 

. . 2.2 

31^0 . . . 

. 10.2 

>100 . . 

. .2.1 


Fisher- only experimental values which lie outside of the range 
which includes at least 90% of all the control values are statistically 
significant. Applying this criterion to the above series of controls 
onlj" smears having counts greater than 50 definitive generation cells 
per 1000 might be significant. This criterion eliminates most of 
the values listed in Tables 1 and 2. It is also obidous that the 
response is non-specific and not of quantitatii-e value. 

However, to strengthen the evidence that the above response.s 
were not due to the antipernicious anemia principle, more purified 
fractions were made from liver extracts of testeci potency, follow- 
ing techniques of Laland and Idem® and Sladek and Kyer.“ 

These fractions, together with others recorded in Table 4, were 
injected before incubation. These negative results give additional 
evidence as to the non-specificity of the response observed. 
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Table 4.— Effect of Liver Fractions on Erythropoiesis in Chick Embryos 
Injected Before Incubation. 




Total 


Average 

% over 50 



No. of 

solids 

No. of 

weight 

definitives per 

% “re- 

Extract. 

units. 

(mg.). 

embryos. 

(mg.). 

1000 cells. 

sponse.” 

None (controls) 



235 

176 

14 


Armour Lot 17 

2!o* 

125.0 

8 

173 

0 


Armour Lot 29 

7.0 

•127.0 

4 

170 

50 

257 

Fraction 5 

9.7t 

38.8 

5 

181 

0 


Fraction 6 

12. 2t 

73.4 

15 

178 

18 

3 

Fraction 1A6 

10. 2t 

102.0 

16 

174 

40 

186 

Lederle Liver 







Lot 381H304A 

10.3 

67.0 

6 

171 

16 

1 

Lot 381H335B . 

6.5 

56.4 

18 

177 

28 

100 


11.0 

93.0 

12 

184 

16 

1 


14.2 

122.6 

16 

179 

24 

7 

Lot 381H243S . 

7.2 

58.6 

15 

175 

62 

343 

Fraction 1L7 


48.4 

8 

173 

12 


Wilson 

7.7 

93.0 

ot 




Lilly .... 

8.4 

112.6 

2t 




Armour Lot 96 . 

7.7 

101.5 

Ot 





* Highest non-toxic close. f Calculated from clinical assay. $ Toxic. 


Yolk Sac Studies. Yolk sac preparations also were made of from 
3- to 5|-day embryos at 12-hour intervals of uninjected controls 
and eggs injected with 10 human units before incubation. There 
was no clear-cut difference between the injected and the control 
preparations although the cell counts upon the blood smears showed 
80% to have over 50 definitives per 1000. There was no increase in 
the number of more mature cell types present nor an earlier appear- 
ance of definitive cells. In some preparations there appeared to be 
an increase in the percentage of the definitive types, but this finding 
was not consistent in other preparations and in those taken from 
embryos 12 hours later. 

Camera lucida measurements of the mean nuclear diameter of 
the red cells in blood smears taken from these injected chick em- 
bryos showed no significant changes as compared with the controls. 

It appears from these studies that the occurrence of the definitives 
in the circulating blood was largely a pouring-out effect and not a 
specific stimulation of red cell formation or maturation. 

Summary. 1. Injection of eggs prior to incubation with liver 
extracts containing 7 or more human antipernicious anemia units 
produced an increase in the number of early adult cells in the circu- 
lating blood of the 5-day chick embryo. 

2. Injection prior to incubation with saline and extracts prepared 
from heart muscle, yeast, whole stomach, and with commercial beef 
muscle and peptone preparations produced little or no increase in 
the number of these cells. 

3. Injection at the third day of incubation with yeast and heart 
extracts, saline, as well as low doses of liver extracts, produced a 
non-specific and irregular increase in the number of these cells in 
the 5-day chick embryo. 

4. Injection prior to incubation with more purified liver extracts 
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produced no increase in tlie number of these cells in the circulating 
blood of the S-dai^ embryo. ° 

5. Injection prior to incubation with active liver extracts failed 
to produce a significant change in the mean nuclear diameter of the 
cells circulating in the blood of the 5-day chick embryo. 

6. Study of the jmlk sac preparations of these embryos showed no 
consistent change in the rate of maturation or formation during 
erythropoiesis in the yolk sac indicating that the response noted 
in the injected embryos was due to a pouring out of these immature 
forms. 

7. Statistical analysis of the data showed that the response ob- 
tained was not significant. 

Conclusion, Erythropoiesis in the 3- to 7-day-old chick embryo 
cannot be utilized as a specific means of assay for the antipernicious 
anemia potency in liver extracts. 
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Destruction of red blood cells in the circulation presents many 
fascinating problems for consideration. We know much about this 
reaction in animals and human beings. ^Wien red cells disintegrate 


=»= We are indebted to Eli Lilly and Company for aid in conducting this work. 

On Official Commission from the Institute Oswaldo Cruz, Rio de Janeiro, Brazi . 
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we believe that three important fractions of hemoglobin are set free, 
perhaps largely through the activity of the reticulo-endothelial 
system. From hemoglobin are derived a pigment radicle (pyrrol 
aggregate), globin and iron. The iron is saved with meticulous care 
and only traces escape in the bile and urine.” The globin probably 
can be used in the production of new hemoglobin^^*' and perhaps for 
other purposes related to protein metabolism in the body. The 
pigment radicle is discarded and appears almost quantitatively (80% 
to 100%) as bile pigment in the bile and urine.'* Some observ- 
ers*® claim that the pigment radicle is re-utilized to form new hemo- 
globin and this seems a sensible response but the body of the dog 
at least does not choose this course. Therefore, we question the 
claims that the human patient, can use bile pigment to aid in the 
production of new hemoglobin. 

When acetylphenylhydrazine in the doses given is used to destroy 
red cells in the circulation, we note in Table 1 that the surplus bile 
pigment amounts on the average to 88% of all theoretical pigment 
from the calculated red cells— that is essentially a quantitative 
elimination of the pigment radicle of the destroyed hemoglobin. 
Within the body the recovered iron and probably some of the globin 
are used promptly to form new hemoglobin for new red cells which ' 
appear in great numbers. In fact, these bile fistula dogs regenerate 
close to the expected maximum of new red cell production. By 
means of standardized anemic dogs it has been shown in this labora- 
tory*®® that a 10-kilo dog in health, with maximal anemia stimulus, 
given large doses of iron and favorable protein (liver) can produce 
70 gm. of hemoglobin in new red cells per week. Dog 37-137 
(Table 1), weight 10 kilos, produced about 120 gm. of hemoglobin 
in approximately 2 weeks (Table 2). Obviously, if the dog throws 
away the pigment radicle it can readily be produced to supply the 
demand for new hemoglobin. It has been suggested that the dog 
forms these pyrrol rings in considerable amounts (300 to 400 mg. 
daily) and must obtain them from protein stores or perhaps by clos- 
ing a straight chain amino-acid (glutamic acid for example). 

Recent observations* indicate that these doses of hydrazine in 
dogs will injure all red cells except the young reticulocytes and 
obviously these injured cells all disintegrate and free hemoglobin to 
contribute the recorded amounts of bile pigment. Injury of red cells 
is recognized by the presence of Heinz corpuscles within the red cell 
protoplasm. 

Methods. All of the dogs studied had the gall-bladder renal type of fistula 
as devised by Kapsinow, Engle and Harvey.® The dogs are kept in galvan- 
ized iron metabolism cages and the urine-bile mixture is_ collected over 
24-hour periods. Chloroform (5 cc.) is put in the collection bottle as a 
preservative. The dogs are fed the salmon bread diet because its hemoglobin 
building properties have been thoroughly studied. Since it is a diet low in 
fat aiid rich in carbohydrate, it is well tolerated by these bile-deprived dogs. 
It is in itself a complete diet and its preparation has been previously de- 
scribed 
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In order to prevent the intoxication^-’' that results from complete bile 
deprivation^, the dogs are given dog bile or ox bile (50 cc.) on the food daily 
1 be method^ for the deterrnination of bile pigments in the urine has been 
described iii detail in a pre^dous publication, It.bas been customary to 
use the ratio 40 mg. of biUrubin = 1 gm. of destroyed hemoglobin since the 
pigment radicle comprises 4% of the hemoglobin molecule. However, the 
formula of bilirubin is now better established and it is considered to have 
the molecular weight 584. Hemin has a molecular weight 652 and 1 gm. 
of hemoglobin contains 3.35 mg. of iron. On the basis of these data, wbeii 
1 gm. of hemoglobin is destroyed there should result 34.9 mg. of bilirubin. 

The blood hemoglobin level was determined folloumg the method of 
Robscheit" and blood volume by the brilliant idtal red technique. Red 
blood cell counts were made using a Thoma diluting pipette and Neubauer 
counting chamber. In 2 dogs hemoglobin was determined as oxyhemo- 
globin and read in the Klett Summerson photoelectric colorimeter, and 
hematocrit cell values were estimated Using Wintrobe hematocrit tubes. 

Heinz corpuscles were studied after mixing 1 drop of blood ndth 1 drop of 
0.5 % brilliant cresyl blue in saline solution and were then counted in relation 
to the intact red blood cells. One thousand cells at least were obser\-ed.^ 


Table 1. — Hemoglobin Destruction and Bile Pigment Recovery- 

Bile Fistula. 


Dog (bile fistula) 

31-271. 

31-271. 

34-211. 

34-211. 

34-212. 

37-137. 

40-248. 

Body ireigbt Otg.) 

13 

13 

IS 

18 

17 

10 

16 

HcmogJobin (gm. 100 cc. blood) , . 

17.0 

15.0 

16.2 

16.6 

17.3 

13.6 

13.6 

Total blood volume (cc.) 

1030 

1030 

1440 

1440 

1360 

858 

1131 

Circuiatiag hemogtobin (gm.) . . . 

1S5 

160 

232 

239 

235 

117 

154 

Bilirubin equivalent of circulating Hb. 

(mg.) 

6156 

5584 

8097 

8341 

8202 

4083 

5375 

Acetylphenylbydraziue, injections and 

dose (mg.) 

8x100 

8x120 

10x100 

3x150 

10 1 100 

6x 100 

2x200 

2x300 

Before breakdo'ini: 

Days of observation 

36 

23 

15 

15 

7 

20 

26 

Av. biJinibia output (mg, daiiy) . . 

60 

65 

120 

66 

93 

35 

93 

During breakdown: 

Days of obsemtioa 

2S 

22 

40 

40 

19 

20 

20 

Total bilirubin output (mg,) .... 

579S 

5150 

12,500 

12,115 

7196 

3980 

7296 

After breakdown: 

Days of observation ... 

36 

9 

15 

14 

15 

10 

10 

Av. bilirubin output (mg, daily) . , 

44 

59 


88 

45 

32 

56 

Total bilirubin output above control 

periods (mg.) 

Percentage recover)’ of bilirubin deri- 

4342 

3780 

8820 

9035 

5885 

3210 

5806 

vated from circulating Hb. . . . 

67 

OS 

109 

108 

72 

79 

108 


Experimental Observations. Table 1 presents 7 instances of red 
blood cell breakdoBTi in 5 dogs which varied in weight with blood 
volumes ranging from 858 to 1440 cc. and total circulating hemo- 
globin volume between 117 and 239 gm. The bilirubin equivalent 
of the circulating hemoglobin is readily obtained: 1 gm. hemoglo- 
bin = 34.9 mg. of bilirubin. The total amount of acetylphenyl- 
hydrazine varied from 400 to 1450 mg., as indicated in the table. 
Control levels of bile pigment were obtained by adequate control 
periods before and after administration of the drug. In order to 
obtain the amount of excess bile pigment resulting from the destruc- 
tion of red cells, we have subtracted from the total amount of bile 
pigment eliminated during the breakdown period that amount cor- 
responding to the average excreted in the fore and after control 
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periods. It might be argued that the lower figure should be used 
in all cases but we do not know the make-up of this basal bile pig- 
ment output. It is probable that some pigment is derived from 
muscle hemoglobin. Comparison of the excess bile pigment ex- 
creted with the theoretical amount that would result if all the circu- 
lating hemoglobin had been destroyed gives the percentage recovery. 
It ranges from 68% to 109%. 

Dog 37-137 had had a similar blood destruction experiment per- 
formed just prior to the one that is tabulated and one notes the fore 
period level of bile pigment is low, 35 mg, as compared with 32 mg. 
in the after period. Dog 34-212 shows similar low bile pigment 
values in the fore period level in the second experiment when con- 
trasted with the original bile pigment level in the first experiment. 
These lower than normal values are due to the fact that the dogs’ 
circulating red cells following an anemia period were all new and 
therefore obsolescence was very low. 


Chart 1. 



In Charts 1 and 2 are plotted the daily bile pigment elimination 
and the rate of destruction of the red cells damaged by the drug 
during the breakdown period. It was observed that all red cells 
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injured by the hydrazine (red blood cells containing Heinz cor- 
puscles) had disappeared from the circulation 12 days after the 
hydrazine was started. During the period of destruction the plasma 

Chakt 2. 



was jaundiced and in both dogs excess bile f 

maintained for 8 more days after the disappearance from the circula 

tion of the erythrocytes injured by the drug. e IweTs S bile 

is due to the fact that the liver cannot handle the large ^ 

pigment formed daily and consequently it is retained m the 

and body tissues. 


Table 2.-Red Blood Cell Destruction and Reconstruction. 

iABLc - Meattcorpmcubr 

Hmoglobm ^ 

(cubic Biicra). 


Day of 

observation. 


B.B.C. 
(mil. per cjmn.). 


(gm. 100 cc. 
blood). 


Hematocrit 

(%)■ 


Dog No 37-137 

Sefore breakdown . 0 

bowest anemia level S 

Uter breakdown . 20 


40-218 37-137 
0 5.8 

8 3.2 

21 5,9 


40-248 37-137 
6,2 13.6 

3,4 7.4 

5.7 15 1 


40-248 37-137 40-248 37-137 40-AS 

13.6 43.5 40.5 <5 ^ 

7.4 26 26,5 81 

14 2 48 44 SI '7 


Table 2 presents the blood picture at the critical points oMte 
• +c Ti’rnm a relatively normal blood picture i 
rXeSdoS dt hati^ reached the lowest ane»a level 
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observed 8 days after the first injection. On this day 85% of the 
injured cells had disappeared from the blood in Dog 37-137 and 
78% in Dog 40-248. As these injured cells disappeared, new cells 
were appearing in great numbers sufficient to raise the blood count 
400,000 to 500,000 per c.mm. daily. Consequently, the red cell 
levels did not drop below the levels indicated in the tables as loss of 
cells was compensated for by production of new cells. 

Discussion, When hemoglobin was given by vein to an anemic bile 
fistula dog it was shown in this laboratory**’® that new hemoglobin 
is produced in amounts equivalent to that injected; and, in addition, 
an excess of bile pigment appears in the urine which approximates 
80% to 90% of the pigment radicle contained in the injected hemo- 
globin. The dog uses the iron and probably the globin of the 
injected hemoglobin and discards the pigment radicle. Obviously, 
the dog must be able readily to produce this pigment radicle. 

When heiyioglohin is destroyed in the dog (hydrazine), one could not 
safelj’’ assume that the response would be precisely the same as when 
hemoglobin is given by vein. The experiments above indicate that 
destroyed red cells do contribute hemoglobin or its split-products to 
the circulation which behaves as does the injected hemoglobin. 
Measurements cannot be as accurate because the amount of de- 
stroyed hemoglobin and red cells depends upon blood volume 
measurements which admittedly are subject to considerable varia- 
bles and errors. However, the average values are significant and 
indicate that the expected amount of bile pigment is produced from 
the pigment radicle of the freed hemoglobin. Moreover, the new 
production of hemoglobin is very rapid and shows maximal activity 
(60 =t gm. hemoglobin per week) in spite of the fact that the diet of 
these dogs by itself is known to permit minimal hemoglobin pro- 
duction (2 to 4 gm. hemoglobin per week). 

It does not seem desirable to discuss at length the limitations of 
blood volume measurements,®’*®’*® but it is safe to say that the deter- 
mination of red cell volume by the dye method and red cell hemato- 
crit is too high. Therefore, less red cells than the calculated volume 
were actually destroyed, which brings the actual bile pigment 
figures very close to the theoretical return. 

Polycythemia is frequently treated by phenylhydrazine and it 
must be obvious that hemoglobin destroyed in this fashion is at 
once available to form new hemoglobin for red cells. It would seem 
more logical to remove by bleeding the surplus red cells and limit as 
much as possible the intake of foods which favor the rebuilding of 
hemoglobin. In fact, this technique has been used successfully to 
treat polycythemia*® and with favorable response from the patients. 
Today these patients could at the same time, make a significant 
contribution to blood banks. 

Summary. When red cells are destroyed by acetylphenylhydra- 
zine in the healthy bile fistula dog, we note a great output of bile 
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pigment which corresponds closely (88%) to the calculated amount 
which could be derived from the destroyed red cells and hemoglobin. 

At the same time the dog produces almost maximal amounts of 
new hemoglobin and red cells, presumably utilizing the iron and 
perhaps globin from the destroyed hemoglobin. The diet does not 
contribute significantly to the new hemoglobin production. 

New pigment radicles (pyrrol aggregates) appear to be readily 
formed by the dog under these and other conditions. 

Acetylphenylhydrazine in the doses given destroys almost all of 
the mature red cells in the circulation. This tJTie of injury produces 
Heinz corpuscles in all mature red cells. 
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THE RELATION OF PERNICIOUS AJTEMIA TO SOLAR RADIATION 
AND SKIN CANCER. 

By Frank L. Apperly, D.Sc., M.D., 

PROFESSOR OF PATHOLOGY, MEDICAL COLLEGE OF VIBGINTA, RICHilOXD, VA. 

In 1934, J. H. Smith® showed a significant relationship between 
relative lack of solar radiation and mortality from pernicious anemia 
in the United States prior to the introduction of the therapeutic use 
of liver. The relative intensities of solar radiation in the various 
states were represented by an “index,” calculated from data directly 
observed in each state (actual amount of sunshine, angle of incidence 
of sun’s rays and humidity). There are, however, several factors, 
the effects of which cannot be satisfactorily evaluated, e. g., altitude, 
dust, and so on, together ndth other, but unknown, conditions. 
Furtiier, no account was taken of possible variations of “sensitive- 
ness ” depending on individual and racial differences, or on the effects 
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of other climatic conditions on the exposed populations. Although 
in most cases an excellent correlation was shown between the “ solar 
radiation index” and pernicious anemia mortality, the calculated 
index in a number of states was obviously far too great. 

It occurred to us that any relationship between pernicious anemia 
and solar radiation might be more accurately shown by an attempt 
to correlate this disease with some other human condition or disease 



Fig. 1. — Pernicious anemia mortality rate (1921—1926) compared to skin cancer 
mortality rate in different states. 


which was known to be related to sun exposure. In this way the 
difficulties of estimating both the “effective” solar radiation and the 
variations in human susceptibility and degree of exposure might be 
eliminated. For this purpose the incidence of skin cancer would 
seem to be a possibly more reliable instrument for measurement. 
In the absence of data concerning the total incidence of skin cancer, 
however, we have used the mortality figures. 

In Figure 1 the pernicious anemia death rates for each state (aver- 
age of the years 1921-1926) have been plotted against the skin 
cancer death rates. The graph shows that the relationship between 
these two diseases is much closer than that between pernicious 
anemia and Smith’s calculated “radiation index.” Thus, those 
states (Arizona, California, Colorado, Kansas, Iowa, Nebraska and 
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Utah) which showed the greatest discrepancies in Smith’s graph 
fall verj" close to the median curve in Figure 1. 

The total skin cancer mortality is, of course, made up not only of 
those caused by exposure to sunlight, but includes those of occupa- 
tional and other origins. There is reason to believe that the latter 
accounts for about 1.5 per 100,000 population (Apperly^). , If this 
quantity (q) be deducted from the total skin cancer mortality 
(S Ca) then the shape of the curve shows that the relation of sun 
cancer (S Ca — q) to pernicious anemia mortality (PA) is sueh that 
PA X (S Ca — q) 5= a constant, K. 

This strongly supports Smith’s thesis that the incidence of pernicious 
anemia is related inverselj^ to effective solar radiation. 

The nature of this inverse relationship is unknown but some recent 
observations are suggestive, (a) Jacobson® has shoum a striking 
parallelism between the distribution of the argentaffin eells and the 
localization of the principle active against pernicious anemia in the 
walls of the stomach and gut, and that people with pernicious 
anemia have few or no argentaffin cells in these areas. These two 
facts certainly suggest some close relationship between the argentaf- 
fin cells and pernicious anemia. Jacobson has also shown that the 
argentaffin cells contain exocrine granules which are not only re- 
sponsible for taking the silver stain but are in part made up of 
aromatic or benzene rings, (b) Benzene ring compounds are de- 
rived from tyrosine and similar aromatic amino-acids. Arnow® 
contends that the oxidation of tyrosine to dihydroxy-phenylalanine 
(“dopa”) is brought about by ultraviolet light. With inadequate 
sunlight we would therefore expect some defect in the production of 
all of those substances which in turn are derived from “dopa.” 

Conclusion. When the mortality rates of pernicious anemia and 
skin cancer (corrected for other causes than exposure to sunlight) 
are correlated, it appears that the incidence of pernicious anemia is 
closely related inversely to effective solar radiation. 

WTen we recall the close association of pernicious anemia with 
blond and prematurely gray-haired people, often of a eunuchoid 
type, and Avith diabetes,^ and that argentaffin granules, para- 
amino-benzoic acid, melanin, insulin and sex hormones are all com- 
posed partly of benzene or aromatic rings, there is a strong sugges- 
tion that these substances are dependent for their formation on an 
adequate production of djhydroxyphenylalanine through the agency 
of solar radiation. Whatever the ultimate explanation, the nature 
of these associations wmuld seem to be w^ell worth investigation on 
the lines suggested. 
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THE TREATMENT OF POLYCYTHEMIA VERA WITH LEAD 

COMPOUNDS.* 

By Ernest H. Falconer, M.D., C.M., 

CLINICAL PROFESSOR OF MEDICINE, UNIVERSITY OF CALIFORNIA MEDICAL SCHOOL, 

SAN FRANCISCO, CALIF. 

(From the Department of Medicine, University of California Medical School.) 

Studies on patients with polycythemia vera reported in 1933^“-*’ 
indicated that venesection in amounts up to 900 cc. of blood had no 
significant effect in raising the reticulocyte level. As I had investi- 
gated the effects of lead on the reticulocyte-stippled cell ratio in 
dogs and humans, it occurred to me that patients with polycythemia 
vera might be good subjects for observation concerning the effects 
of lead on the reticulocytes because their reticulocyte level appeared 
to be stable. 

In 1934 and 1935 such experiments were carried out on 2 patients 
with polycythemia vera. Lead acetate was administered by mouth 
and the effects on the reticulocyte-stippled cell ratio were ob- 
served. When the red blood cells and hemoglobin had dropped 
to levels below normal, administration of lead was discontinued. 
There was an interval of 3 months in the one case and a longer 
period in the other during which the red blood cells and hemoglobin 
remained within normal limits and the patients felt a sense of well- 
being and freedom from symptoms which was rather surprising 
considering that lead had been absorbed over a period of several 
weeks. In 1935, as a consequence of interest aroused by these 
studies, I began treatment of polycythemia vera with lead com- 
pounds. I submit the following data which show the results of 
this treatment up to May 5, 1941. 

Methods and Material. Blood counts were made with pipettes and 
counting chambers standardized according to the Bureau of Standards. 
Hemoglobin determinations were made by a standardized Sahli instrument 
(13.7 gm. = 100% hemoglobin). For the past 20 months we have used a 
Leitz-Mass photoelectric colorimeter for this purpose. The reticulocyte 
counts were made on dry films stained with cresyl blue, counterstained 
with Jenner-Giemsa stains. One thousand erythrocytes were counted on 
each film. Wintrobe tubes were used for the hematocrits. The blood 
volume determinations were carried out according to the Rowntree method 
as described by Haden.® Platelet counts were done directly in the count- 
ing chamber using Rees and Ecker'* diluting fluids. Complete blood counts 
were made each time the patient reported, usually in the morning 2 to 
3 hours after breakfast. 

At the beginning of this study, lead acetate was administered by mouth 
in capsules of 0.3 gm.; later 0.2-gm. doses were used. Since July, 1939, 
the treatment has consisted of parenterally administered colloidial lead 

* Supported by a grant from the Christine Breon Fund for Medical Research. 
Presented before the Section on Pharmacology of the American Medical Association 
Meeting, Cleveland, Ohio, in June, 1941. 
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phosphate * It is put up in 10 -cc. ampoules; each 1 cc. contains from 3.7 
to 0.8 i^etalhc lead. The usual dose was 10 cc. administered intra- 
venously. JNo immediate reaction accompanied the injection but if the 
solution leaked out of the vein it was irritating to the tissues and caused 
some pain. 

Clinical Material. Twelve patients with clinical and laboratory diag- 
nosis pf polycythemia vera were included in this study. Another somewhat 
questionable case (Case 8 ) was included that probably belongs in the group 
known as polycythemia hypertonica (Geisbock^). Of the series of 13 pa- 
tients, 11 were treated with lead compounds orally, parenterally or by 
both routes. One (Case 12 } was treated by intravenous injection of nor- 
mal saline solution and 1 (Case 13) by small doses of acetylphenylhydrazine. 
These 2 patients served as controls. 

The criteria employed for the diagnosis of polycythemia vera in these 
patients were as follows: A negative histoiy for cardiac symptoms, for 
residence in high altitudes, for exposure to aniline dyes and carbon dioxide, 
for treatment with arsenic, liver extract, cobalt, or coal-tar derivatives 
(such as acetanilid) ; an increase of red blood cells above 6 million and of 
hemoglobin above 110%; a packed-cell volume (hematocrit) above 45% 
to 47%; an increased blood volume; presence of acrocyanosis, capillary 
engorgement and enlargement of spleen and liver; absence of a cardiac lesion 
or cardiovascular disease producing cyanosis, circulatoiy stasis and erjdhro- 
cytosis. 

Case Abstracts, Case 1 .— (Chart 1.) This patient, a w'oman of 65, 
was first seen in 1934 when her red blood cells were 7.70 million per c.mm. 



Chart 1. — Case 1. Blood cell levels during lead treatment. The shaded zone 
represents a theoretical normal range of red blood cells and hemoglobin for patients 
with polycythemia vera. 


and her hemoglobin 140%. She had a history of gastric ulcer for 1 year. 
The diagnosis was proved by Roentgen e.xamination; treatment' by an ulcer 
regimen and phenylhydrazine was advdsed. During 1934 the gastric ulcer 
was reported healed by Roentgen examination and the patient received 
phenylhydrazine at intervals for the polycythemic state. On Januar}' 31, 
1935, she was placed directly under my care. On March 4, 1935, her red 
blood cells -were 7.54 million; hemoglobin 120%. Treatment -with lead 
acetate was begun in doses of 0.3 gm. once daily by mouth. During the 
following year, to December 30, 1935, a total of 20 gm. lead acetate was 
administered per os at inteiA'als (see Chart 1). For an inten'al of 3 months 

* This preparation is made by the Crookes Laboratorj% New York City. 
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no lead compounds were given and the red blood cells and hemoglobin 
remained within nonnal limits. (Such periods are hereafter referred to as 
remissions.) For the next year and 7 months, until July 26, 1937, no lead 
was administered; a remission of 5 months occurred. During the next 
26 months, to August 7, 1939, the patient received a total of 19 gm. lead 
acetate by mouth (see Chart 1) and had three remissions of 6|, 4 and 
4 months respectively. From August 7, 1939, to May 5, 1941, 108 cc. 
(0.4 gm.) colloidal lead phosphate -were administered intravenously and 
three remissions occurred, 4.6, 5.3 and 4 months respectively. For 2 years 
the patient has been free of gastro-intestinal symptoms, has had occasional 
arthritic pains (long-standing generalized arthritis) but has been able to 
do her housework and to nurse an invalid husband which she was not 
able to do for 4 years pre^dously. During the first year of lead therapy we 
deliberate^ induced a toxic episode in order to study the effects of lead on 
her blood cells and did not have in mind treatment of her polycythemia. 
Lead compounds were used in lesser amounts for the treatment, which 
followed the toxic episode. 

Case 2. — (Chart 2.) A man of 54 had a history of his eyes being “red 
and bloodshot” and of generalized arthritic pains for 8 years. In 1934 a 
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Chart 2. — Case 2. Blood cell levels during leat treatment. Note the compara- 
tively small amount of lead administered in this case. 


diagnosis of polycythemia vera was made and treatment with phenylhydra- 
zine and venesection was instituted. His blood level did not remain at a 
normal level under this treatment and he complained of dizziness, weakness 
and dyspnea. On April 22, 1936, the red blood cells were 8 million per 
c.mm.; hemoglobin, 128%; leukocytes, 9400; and packed cell volume, 65%. 
Beginning April 29, 1936, the patient received orally 0.3 gm. lead acetate 
twice daily for 6 days; thereupon the dose tvas administered once daily. 
During 1936 he received a total of 7 gm. lead acetate by mouth. During 
1937^ he received a total of 3 gm. Since August 28, 1937, no lead has been 
administered. A remission occurred which lasted until June 15, 1940. 
Since that date the patient has not been located. 

Case 3.— A woman of 61 had a history of polycythemia vera for 27 years 
and had been under my observation for 25 years. In 1916 her red blood 
cells were 10.64 million; hemoglobin, 128% (Fleischl); leukocytes, 9800; 
and viscosity (Hess), 7.7 (normal 4.5). She was treated as follo-ws: vene- 
section, 1915; benzol by mouth combined with radiation over the spleen,® 
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1916, was followed by a remission of 11 years; Roentgen ray treatment 
over the spleen, 1928; phenylhydrazine, 1929 to 1930; Amnesection, 1931- 
Roentgen ray treatment over spleen and long bones, 1932; acetjdphenyl- 
hydrazme, 1932 to 1933; lead acetate by mouth, 1935. On July 27, 1934, 
the red blood cells were 7.16 million; hemoglobin, 118%; and leukocjdes, 
11,200. During the next 17 months, until December, 1935, a total of 
12 gm. lead acetate was adminis'tered orally. At one time the red blood 
cells dropped to 3.27 million, hemoglobin to 56% and leukoc 3 d:es to 9300 
per c.nun. The effects of the lead on the cells of the blood were investi- 
gated during this period and treatment was not under consideration. Since 
December 31, 1935, no lead has been administered. The blood count has 
not risen above normal limits and no untoward symptoms have appeared. 
The blood count on May 5, 1941, was; red blood cells, 4.58 million; hemo- 
globin, 96%. Packed cell volume was 41 cc. %. During the five j^ears 
immediately preceding the administration of lead, the longest period of 
remission was 8 months. 

The large amounts of lead administered to this patient should not be 
used therapeutically, as she experienced a severe toxic episode. Whether 
or not the long remission following administration of lead acetate was due 
to lead is open to question. It may have been coincidental. The patient 
had a long remission of 11 years following an entirelj’^ different type of 
treatment during the early course of her disease.^ 


pf- — p. 





Chart 3.— Case 4. Blood cell levels during lead treatment. The low hemo- 
globin of 61 % occurred following sufficient absorption of lead acetate to cause a 
tosio episode. 


Case 4.— (Chart 3.) An obese man of-45 (206 pounds) was e.\-amined at 
the San Francisco Hospital in June, 1936, and the diagnosis of polycjdhemifi 
vera was made. He tolerated phenylhydrazine poorly and at one time 
during 1936 it became necessary to give him a blood transfusion. On 
Sentember 22, 1937, the red blood cells were 6.82 million; hemoglobin, 
120%- and leukocytes, 6200 per c.mm. During 1937, he received a total 
of 10.5 gm. lead acetate by mouth. This treatment was followed by a 
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remission which lasted throughout 1938, During 1939 the patient received 
5.4 gm. lead acetate by mouth. During 1940 he received three 10-cc. doses 
of colloidal lead phosphate intravenously (see Chart 3 for remission). On 
April 30, 1940, the hematocrit (packed cell volume) was 60. Blood volume 
was 67.61 cc. per kilo of body weight.* 

Case 5. —(Chart 4.) This Jewish woman of 63 had a high red blood cell 
count and increased hemoglobin for 5 years. In 1937 a definite diagnosis 
of polycythemia vera was made. She had a long-standing thrombophlebitis 

RED BLOOD CELLS IN MILLIONS 

HEMOGLOBIN % 


[1 LEAD ACETATE COLLOIDAL LEAD 
“ “ PHOSPHATE — 10 cc. 

1939 1940 i94i 



Chart 4. —Case 5. Blood cell levels during lead treatment. This patient had a 
moderately severe and persistent polycythemia. 

of the right lower extremity and for 10 years much discomfort from arthritis 
of shoulders, hands, knees and feet. She had moderate hypertension and 
displayed great anxiety over her condition. For 14 days, beginning May 6, 
1939, she received 0.2 grn. lead acetate by mouth, a total of 2.8 gm. During 
the next week she received 16 cc. colloidal lead phosphate intravenously 
(66.8 mg. metallic lead), A remission of 4.6 months followed. In October, 
November and December, 1939, she received 40 cc. colloidal lead phosphate. 
This treatment was followed by a remission of 7 months. During 1940 she 
received a total of 50 cc. colloidal lead phosphate intravenously (190 mg.). 
Before beginning tbe lead treatment, she had been troubled much with 
nausea and what she called “biliousness.” Under this regimen, which 
I regard as conservative, she has never been troubled with toxic reactions, 
such as headache, nausea, vomiting, abdominal pain and muscular weak- 
ness. She had increased arthritic pain and edema of the lower extremities 
(see Chart 5 for blood levels). She worked steadily as a teacher during 
her treatment. On May 8, 1940, the packed cell volume was 62 cc. %; 
blood volume, 68.5 cc. per kilo of body weight. 

Case 6.— (Chart 5.) A Jewish man of 52 came under observation on 
July 22, 1939. His blood count was as follows; red cells, 8.15 million; 
l^oglobin, 130%; white blood cells, 8100 and packed cell volume 64 cc. %. 

Redness of the eyes” and fuUness of the head had persisted for 1^ years, 
since January, 1938. A diagnosis of polycythemia vera was made in New 

* Normal blood volume for men, 65 cc. per kilo of body weight; for -women, 
06 cc. 
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York City and treatment with acetylphenylhydrazine was instituted in 
June, 1939. From August 14, 1939, to November 19, 1941, he received a 
total of 80 cc. (0.29 gm.) colloidal lead phosphate intravenously. On 
May 15, 1939, the packed cell volume was 52% and the blood volume 
66.6 cc. per kilo of body weight. The red blood’ cell and hemoglobin levels 
(Chart 5) were uniformly at the higher limits of normal^ but the patient 
was free of symptoms and worked steadily in his profession (cantor in a 
synagogue). No toxic sjTnptoms have resulted from lead administration. 

Case 7. — (Chart 5.) This patient, aged 45, who was cyanotic and 
had a “beefy,” red face and acrocyanosis, was referred from the departs 
ment of dermatology where she had been under treatment for dermatitis 

Pt. Gr-. pt. R 


x.ead poospaatt 
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Chart 5. — Cases 6 and 7. Blood cell levels during lead treatment. Only one form 
of lead was used in these 2 cases — colloidal lead phosphate. 

of the right lower leg "on a circulator}’’ basis.” Red blood cells were 
7.1 million; hemoglobin, 130%; leukoc}des, 12,300; packed cell volume, 66; 
blood A’olume 93.2 cc. per kilo. From October 26 to December 2, 1940, she 
received by intravenous injection 50 cc. colloidal lead phosphate (0.18 gm.) 
(Chart 5). No untoward S}Tnptoms have occurred. 

Case 8.— (Chart 6.) A man of 64 had borderline polycythemia. The 
liver was enlarged. The spleen was not palpable. Red blood cells were 
5.6 million; hemoglobin, 120%; leukoc}d;€s, 13,800. The diagnosis was 
made principally on basis of a packed cell volume of 52 cc. % and blood 
volume of 70.4 cc. per kilo of body weight. During a 2-week period, lie 
received a total of 30 cc. (101 mg.) colloidal lead phosphate intravenously. 
His s}Tnptoms of dyspnea, headache and fatigue disappeared. 

C.A.SES 9, 10 and 11.— (Chart 7.) These patients, a woman of 51 and 
2 men of 58 and 54 respectively, are examples of seriously disabling polj^ 
cythemia vera with complications due to thrombosis. The woman had 
attach of severe abdominal pain with hemorrhages from the gastro-intes- 
tinal tract but no emdence by Roentgen examination of a gastro-intestinal 
lesion. The 5S-year-old man had a diagnosis of thrombosis of the pul- 
monary arter}’. ' The third patient had exdensive thrombophlebitis of the 
lower extremities with varicose ulcers. _ , i 

In all 3 patients administration of lead in the form of colloidal lead 
phosphate has caused prompt and severe toxic reactions, such as weakne.=.s, 
generalized pain, abdominal pain and headache. It might be pointed out 
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that these patients had not tolerated any other type of treatment without 
being “much upset,” although they had tolerated venesection better than 
phenylhydrazine or Roentgen ray treatment. 

Case 12. — (Chart 6.) A Jewish refugee of 52, wth family history of 
polycythemia in the father, was' much upset emotionally and mentally 

Ph M. Pi. — F. 

RED BLOOD CELLS IN' MILUONS 

HEh/TOCLOBm •Fo 

I COLLOIDAL, LEAD PHOSPHATE 

U io cc. 

i940-4i 
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Chart 6. — Cases 8 and 12. Blood cell levels without lead treatment. Patient F 
(Case 12) received normal saline, 20 cc. intravenously, at intervals of 3 weeks. 

due to recent experiences in Europe. He had a variety of symptoms fol- 
lowing any kind of treatment attempted. We decided to give him 20 cc. 
normal saline intravenously every 3 weeks and to employ him as a control 
for the lead-treated patients (see Chart 6 for results). 



Chart 7. — Cases 9, 10 and 11. Blood cell levels during lead treatment. Patient S 
(Case 9) had gastro-intestinal hemorrhages following intravenous administration 
of lead; hemoglobin fell to 79%. 
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Case 13. (Chart 8.) A retired school teacher of 63 was referred to me 
on July 6, 1937, by Dr. C. T. Stone of Galveston, Texas, who had made a 
diagnosis of polycythemia vera in 1929 and had placed the patient on inter- 
mittent small doses of acetylphenylhydrazine, 0.1 gm. once everj" 5 to 
7 days. This treatment was continued ivith good results until July, 1937. 
Since that time the polycythemic state has been under control and the 
periods of intermission have been lengthened (Chart 8). On August 22, 
1940, her red blood cells were 5.4 million; hemoglobin, 100%, leukoc 3 'tes,’ 
12,200. The patient was admitted to a hospital and 4 teeth, which had 
been loose and the site of extensive paradentosis, were extracted by a 
competent dental surgeon. Extensive hemorrhagic oozing followed and 
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Chart S.— Case 13, Blood cell levels without lead treatment. Acetylphenylhydra- 
'zine in doses of 0.1 gtn. was given once per week or less often. 
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could not be controlled. The tissues of the floor of the buccal cavity 
became infiltrated with blood and infection supervened complicated by 
bronchopneumonia. After 4 months of hospitalization the patient slowly 
recovered. On Februar}-- 15, 1941, the red blood cells were 8.5 million; 
hemoglobin, 126%; leukocytes, 21,200. This patient is included in the 
series as a control case for the lead-treated patients. 

Discussion. Analysis of the foregoing data indicates that the 
response of patients wdth polycythemia to lead therapy varies and 
that in certain patients this type of therapy is contraindicated. 
In Cases 9, 10 and 11, for example, lead therapy was poorly toler- 
ated. These patients showed extensive thrombotic lesions; 1 had 
widespread thrombophlebitis of the superficial veins of the upper 
and lower extremities. They also reacted unfavorably to other 
types of therapy, such as phenylhydrazine and Roentgen, ^'enesec- 
t'ion upset them less than the other therapeutic measures. Cases 3, 
12 and 13 represent mild types of the disease in which remi-ssions 
were induced easily by any of the generally accepted methods of 
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treatment. In evaluating any type of therapy, including colloidal 
lead, the natural history of the disease must be taken into considera- 
tion, particularly the fact that it is characterized by all grades of 
severity. Probably no one standardized type of therapy would 
prove uniformly successful. This report is presented because the 
material contains important implications as to the factors respon- 
sible for excessive formation of hemoglobin and red blood cells. 

It has frequently been demonstrated that porphyrins appear in 
the urine during absorption of lead in man. It was found in 3 of 
our patients at varying periods after administration of lead had been 
discontinued. Watson® demonstrated that Coproporphyrin III ap- 
pears in the urine of patients with lead intoxication. This substance 
apparently occurs when the bone marrow is unable to synthesize 
hemoglobin properly and is not due to an increased rate of hemo- 
globin destruction. Inasmuch as patients with polycythemia ap- 
parently synthesize hemoglobin too readily, a substance which 
checks this tendency, such as lead, is a useful agent if properly 
controlled. Three of our patients who have been under treatment 
with lead for a period of 5 years have shown no deleterious effects 
as far as I have been able to ascertain. 

The results obtain'ed in this series were far more satisfactory than 
was considered possible at the beginning of the treatment. Never- 
theless, I wish to emphasize the dangers of lead ingestion and of the 
intravenous use of lead compounds. The administration of lead 
acetate by mouth is rather unsatisfactory because one does not know 
how much lead the patient is absorbing and because cumulative 
effects may not be evident until a toxic episode occurs. Intraven- 
ous use of lead may damage the liver, the central nervous system 
or the peripheral nerves. Arthralgia is a common symptom after 
administration of lead and was most pronounced in those patients 
who had an abnormal amount of uric acid in the blood. The uric 
acid content per 100 cc. of blood was as follows: Case 1, 6.8 mg.; 
Case 4, 5 mg. ; Case 5, 4 mg. ; Case 6, 4 mg. ; Case 7, 4.6 mg. ; and 
Case 9, 8 mg. These are single observations after initiation of lead * 
therapy, so that the findings can be interpreted as only suggestive 
of what well-controlled studies might reveal. 

The reticulocytes were recorded in the counts of all patients 
except the 2 controls. Charts 1, 2 and 3 show how they increased 
as the red cell count dropped. The rise began as soon as the red 
blood cells had decreased appreeiably. Intravenous administra- 
tion of colloidal lead phosphate appeared to cause a rise of reticulo- 
cytes sooner than lead administered "per os. This is due to the fact 
that colloidal lead phosphate begins to destroy the red blood cells 
immediately after it has been administered. 

Summary. Eleven patients with polycythemia vera were treated 
with lead compounds orally and intravenously over periods of time 
varying approximately from 1 to 5 years. Nine of these patients 
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were relatively free of symptoms during treatment and were able to 
continue their work. Two patients with complicating thromboses 
were chronic invalids and unable to work. In cases of complicating 
thromboses, of which 3 occurred in this series, treatment with lead 
is contraindicated. Up to the present time no permanent or serious 
toxic effects have occurred in any of the 11 patients treated. No 
deaths have occurred in the series during the past 5 years. One 
patient has disappeared from observation. 

Six of the 11 patients who were treated with lead had previously 
received phenylhydrazine. They regarded this drug as more toxic 
and disabling than lead and were unwilling to submit to further 
treatment with it. We do not, however, have data as to the 
amount of the drug and the intervals at which it was administered. 

In selected cases of polj^cythemia vera, colloidal lead phosphate, 
administered intravenously in doses of 10 cc. each, appears to be 
efficient in controlling the symptoms and in reducing the blood level. 
The dangers of this preparation are real and it should not be used 
unless the patients can be kept under careful supervision. 
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Mam’s ideas of the effect of pregnancy upon the tuberculous 
process have varied with his understanding of the nature of the 
mechanism of recovery from that disease. Because of the general 
improvement in health which so frequently accompanies early 
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pregnancy, writers formerlj'’ advised pregnancy as a preventive or 
curative measure. Unfortunately, under the then accepted methods 
of treatment this improvement was more apparent than real and 
was due to the stimulating effect of pregnancy upon the frame and 
figure of the Avoman rather than to any improvement in the tuber- 
culous lesion. When the stimulating effect of pregnancy was re- 
moved, the disease spread very rapidlju Recognition of this fact 
caused the pendulum to SAving to the other extreme and a therapeutic 
abortion A\^as advised in all cases Avdiere the pregnancy was discov- 
ered before the fifth month. 

With the development of the Roentgen ray, the sanatorium move- 
ment and the appreciation of the importance of rest, both general 
and localized, in the treatment of tuberculosis, has come a better 
understanding of tuberculosis and the mechanism of recovery. As 
a result, the emphasis in the treatment has gradually shifted from 
those measures which Avill affect the frame and figure to a direct 
attempt to control the tuberculous process itself. 

This change in the emphasis of treatment caused us in 1921 to 
question the necessity of aborting the pregnant tuberculous Avoman 
just because of the tuberculosis. We noticed that most of the 
reports of the disastrous effects of pregnancy upon the tuberculous 
process came from obstetricians AAdiose opinion must have been 
based largely upon the difference in the results of caring for the 
normal pregnant woman and the tuberculous pregnant woman. In 
arriving at their conclusions they apparently overlooked the fact 
that the tuberculous woman of child-bearing age has a much higher 
death rate than the non-tub erculous woman of the same age even 
though pregnancy does not exist. Apparently their conclusions 
were based on the improvement in the frame and figure which took 
place during pregnancy Avithout improvement in the lungs only to 
be followed by a relapse later. 

In studying this problem Ave recognized the self-evident fact that 
pregnancy in itself is a physiologic process for which woman was 
created and which normally is not harmful. Tuberculosis on the 
other hand is an infectious disease which annually kills thousands 
of women of child-bearing age even though pregnancy does not 
exist. Therefore, we felt that a study of the tuberculous women, 
both pregnant and non-pregnant, would throw some light on the 
effeet of pregnancy upon the tuberculous process. We thought 
perhaps if the main effort of therapy AA^as directed against the dis- 
eased process rather than against the normal physiologic process, 
the tuberculous pregnant woman could go to full term without 
interfering with her recovery from tuberculosis. If so it would bring 
happiness to many families who desired children but AA^ho are afraid 
to haAm them because of tuberculosis. 

With that premise in mind we have divided our tuberculous 
patients into two groups, those A\dth active tuberculosis and those 
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witli chronic so-called “arrested” tuberculosis. The treatment of 
the two groups, of course, is different. The woman with active 
tuberculosis should have plenty of bed rest and such additional 
metliods of treatment as pneumothorax and other forms of collapse 
therapy which would be used if pregnancy were not present. This 
is particularly true following labor when more intensive treatment 
may be indicated to prevent a spread of the disease when the stimu- 
lating effect of pregnancy is removed. We also realized that the 
pregnancy itself should receive just as careful if not more careful 
attention and consideration than it would receive in the absence of 
tuberculosis. Furtliermore, should any condition other than tuber- 
culosis be found which would warrant a therapeutic abortion, then, 
of course, it should be done even though tuberculosis is present. 

The patient with tuberculosis who becomes pregnant after 
leaving the sanatorium should receive more careful prenatal care 
than if tuberculosis did not exist. Many of this group return to 
the sanatorium tor care during the latter months of pregnancy. 
The exact treatment these women receive varies with the individual 
case and condition. In general, however, we keep them in bed, 
except for bathroom privileges, for the last 2 or 3 months prior to 
delivery and on strict bed rest for a month or 6 weeks after delivery. 
They are then allowed to graduallj^ get up and to start exercise and 
are discharged in perhaps anotlier 6 weeks. Of course they are not 
permitted to nurse their babies who are separated from them at 
birth and kept in a special ward planned for that purpose in the 
preventorium. In this way the woman receives adequate treat- 
ment for her tuberculosis and her pregnane^' and the child receives 
2 or 3 months of nursery care before being sent home with the 
mother. 

With the above general premise in mind we have found it neces- 
sarj" to advise abortion in only one sanatorium case since 192'1. As 
this policy represented quite a departure from the accepted treat- 
ment of tlie tuberculous woman during pregnancy, we watched our 
first few cases with considerable anxiety. However, we are glad to 
state that the results in our series of such cases extending over a 
19-year period, seems to bear out our original presumption. 

From September, 1921, to December, 1940, inclusive, we have 
had an opportunity to follow 8 premature deliveries in 8 tuberculous 
women and 96 full-term pregnancies in 86 tuberculous women. The 
age of the women in both of these groups was IS to 39 years inclusive. 
This study includes women who were pregnant on admission to the 
sanatorium, who became pregnant while on leave from the institu- 
tion or after discharge. 

The 8 premature deliA'eries are analyzed on Tables 1, 2 and 3. 
According to these tables, 6 of the S were far advanced and 4 of 
them died within 2 weeks to S montlis after deli\‘ery. From a study 
of Table 2, it is apparent that all 4 would ha^•e died from tubercu- 
losis irrespective of whether or not they were pregnant. The one 
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far-advanced case who was regarded as unimproved at time of 
discharge was transferred to another hospital 8 months after de- 
livery. She died 4| years later. I question just how much preg- 
nancy can be accepted as having contributed to a death which 
occurred that long after delivery. The other far-advanced case 
who was thought to have a questionable prognosis on admission was 
discharged as improved 1| months after delivery. Now, 8 years 
after her discharge, she is alive and well and during this interval 
has had one normal pregnancy. 


Table 1. — Coisidition on Discharge of Premature Labor Cases Delivered 


AT 

Sanatorium (17-year 

Period) . 



Condition on discharge. 


Stage of disease 
, on admission. 

Far advanced 
Moderately advanced 
Extrapulmonary 

Quiescent. Improved. 

. . . 1 
. 1* 

. 1 

Unim- 
proved. Dead. 

1 4 

Total. 

6 

1 

1 

Total 

. 2 1 

1 4 

8 

* Full-term, delivery 3 years subsequently. 




Table 2. — Further Data on Premature Labor Cases Delivered at 

Sanatorium. 


Admission 
diagnosis 
and stage 

Age of 
mother at 

Period of 

Interval 

between 

delivery 

and 

Prognosis or 
condition 


of disease. 

delivery. 

gestation. 

discharge. 

discharge. 

Remarks. 

Pott's 

disease 

30 

61 mos. 

11 yrs. 

Favorable 

Well 10 yrs. later; has had 

M.A. 

31 

7 mos. 

6 mos. 

Favorable 

2 normal preg. since dis. 
Well 131 yrs. later; 1 nor- 

f.a'. 

28 

7 mos. 

11 mos. 

Questionable 

mal preg. 

Well 8 yrs. later; 1 normal 

P.A. 

27 

6 mos. 

8 mos. 

Unfavorable 

preg. since. 

Died 41 yrs. post-san. 
Cause: pul. chr. tbc.; tbc. 

F.A. 

31 

8 mos. 

8 mos. 

Dead 

P.A. 

32 

61 mos. 

14 days 

Dead 

of spine and perit. 
Cause: pul. chr. tbc.; 

F.A. 

38 

61 mos. 

3 mos., 

20 days 

23 days 

Dead 

laryng. tbc. 

Cause: pul. chr. tbc.; 

F.A.b. 

21 

71 mos. 

Dead 

tbc. laryngitis; tbc. en- 
teritis. 

Cause: pul. chr. tbc.; tbc. 




generalized. 


Table 3. — Premature Labor Cases. Correlation op Cause of Discharge 


Stage of disease 
on admission. 

With Stage 

Discharge 
■ condition. 

OF Disease on Admission. 

Cause of discharge. 

Acq. 

Trans. 

Ag. adv. 

Dead. Total, 

Par advanced 

Improved 


1 


1 

Mod. advanced 

Unimproved 

Dead 

Quiescent 


1 

1 

1 

4 4 

1 

Extrapulmonary 

Quiescent 

1 



1 

Total 

. 

1 

2 

1 

4 8 

There was 

one moderately advanced 

case who 

was discharged 


against advice 6 months after delivery. She was regarded as quies- 
cent on discharge and is alive and well 13J years later. She also 
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had a normal full-term delivery at the sanatorium 31 years after 
her premature delivery and so is included in that group also. Be- 
cause of duplications like this tire total of the women in the various 
groups exceeds the number of women in the study. 

The one case of extrapulmonary tuberculosis was thought to be 
quiescent when she was given an “acquiesced to discharge” years 
after delivery. She is alive and well 10 years later and has had 
2 normal pregnancies since her discharge. 

Eight children were born of these 8 premature deliveries. One 
weighed 7 pounds at birth. She was born in the eighth month of 
gestation and while her mother died 8 months after delivery the 
child is now almost 9 years old and appears to be perfectly healthy. 
One was delivered 23 days before her mother’s death in the 7| month 
of gestation, is now about a year old and seems to be perfectly 
healthy. The other 6 were bom in the seventh month or less of 
gestation and all died within 1 hour to 16 days after delivery. 

Prior to the establishment of our obstetrical department in 1924 
the pregnant women were transferred to a general hospital for 
delivery. However, from 1924 to 1940, inclusive, 64 women with 
full-term pregnancies were delivered at the sanatorium. These are 
analyzed in Tables 4 to 7, inclusive. 

Table 4. — Results of Full-term Pregnancies Delivered at Sanatorium. 

First Discharge Following Delivery {17-year Period, Ending 1941). 

Mothers. 


Ko. ot . • 

deliveries Still in Disch. Disch. Total 

per patient. hosp. aUve. dead. Total, newborn. 

59 patients .... 1 6 48 5 59 59 

(single birth) 

2 patients ....1 .. 2 .. 2 4 

(twins) 

2 patients ....2 .. 2 .. 2 4 

(2 single births each) 

1 patient ....3 ..1 .. 1 3 

(3 single births) 

Total 0 53 5 64 70 


Table 5.— Sixty-four Fulu-tekm Pregnancies Delivered at Sanatorium 

(1924-1940, Inclusive). 

First Second Third 

admission. admission. admission. 


Total 46 13 5 

Dead on discharge; 

Number 5 ^ £ 

Percent 10.9 0 0 


.All discharges during same period, 18 to 39 years of age, 2230. 

Dead on discharge, 559 (25%). 

Six of the group are still hospitalized, 53 were discharged alive 
while 5 (7.8%) were dead at time of discharge (Table 4). This is 
a very low death rate when compared with the 20.45% of deaths 
for all women 15 to 39 years of age who were discharged during the 
same period. 
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Forty-six of this group (Table 5) were delivered during their first 
admission to the sanatorium. Of this group, 5 (10.9%) were dead at 
time of discharge in contrast -to 559 (25%) of the 2230 women in 
the same age group who were discharged from the sanatorium for the ' 
first time during the same period. 

Table 6 correlates the condition on discharge with the stage of 
disease on admission, and it is interesting to note that all of the 
5 deaths in this series occurred in the far-advanced group. 

Tabi.e G. — Foll-term Pregnancies. Correlation of Condition on Discharge 
With Stage of Disease on Admission (17-year Period). 

Stage of disease on admission. 



Far 

Moderately 


Stage un- 


Condition on discharge: 

advanced. 

advanced. 

Minimal. 

determined. 

Total. 

Inactive .... 

1 

1 

^ , 


2 

Arrested .... 

7 

3 

4* 

2 

16 

Apparently arrested 


1 

1 

, , 

2 

Quiescent 

G 

5 

. , 


11 

Improved 

9 

9 

3 


21 

Unimproved . 

1 

3 

, , 

, , 

4 

Dead .... 

5 

. . 


. . 

5 


— 

— 

— 

— 

— 

Total .... 

. 29 

22 

8 

2 

Gif 

Still in house 

1 

3 

2 


6 

Grand total 

* Includes 1 non-clinical. 

. 30 

25 

10 

2 

67* 


t Three mothers in this group are counted twice because they had more than one 
discharge following a pregnancy. 

Table 7 considers the interval between the time of delivery and 
death for the full-term pregnancy group. This includes those who 
died in the sanatorium following delivery and those who died later. 
According to this table, 14 (21.8%) of the group are now dead. 
However, 2 (14.4%) of the 14 were due to non-tuberculous causes. 

Table 7. — Interval Between Delivery and Death. Full-term Pregnancies 
Delivered at Sanatorium (17-year Period). 

Stage of disease on admission. 

Moderate 

Far advanced. advanced. Total. 

Year interval between delivery and death: 


0 to 1 4 . . 4 

1 to 2 1 . . 1 

3 to 4 1 1 

4 to 5 3* . . 3 

5 to 6 If 1 

6 to 7 1 1 2 

Over 12 2 . . 2 

C ____ 

Total 11 3 14 


* Including post-san. Cardiac death. 

t Including post-san. Death due to cause other than tuberculosis. 

Table 8 presents the same information for the 2230 women in 
this age- group who were discharged from the sanatorium for the 
first time during the same period. This includes the 559 who were 
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dead at discharge plus the 314 who have died since their first dis- 
charge. This gives a total of 873 (39.1 %} of these women who are 
now dead in contrast to 21.8% of the 64 pregnant women who went 
‘ to full term and were delivered at the sanatorium. Furthermore, 
58 (6.6%) of the 873 died of non-tuberculous causes. 


Table S. — Data on All Women 18-39 Years of Age Who Were Discharged 
From the Sanatorium for the First Time During 1924-1940, Incl. 


Stage of 
disease. 

No. , 

Dead on 
discharge. 

Intm*al in years between discharge and death. 

" — .. Total deaths, 

in««rl TT«_ .. , 

Non-tbc. 

deaths. 

disch. 

No. 

%. 

0-1. 

1-2. 2-3. 

3-4. 

4-5- 

5-10. 

over. 

knowu. No. 

c- 

/<!■ 

No. %. 

Far adv. 

1091 

486 

44.5 

72 

31 22 

17 

12 

25 

4 

1 670 

61.4 

14 2 1 

Mod. adv. 

63r‘ 

50 

7.8 

32 

14 9 

8 

9 

19 

6 

147 

23 1 

13 8.8 

Minimal 

212 

6 

2.5 


2 

2 

1 

1 


12 

5.0 

2 16.7 

Extrapul. 

83 

13 

14.0 

2 

2 1 

.. 


5 


23 

24.7 

10 43.5 

Undet. 

167 

4 

2.4 

7 

1 .. 

i 

2 

3 

3 

21 

12.0 

19 90.5 



— ■ 



— — 

— 

— 

— . 

— 

— . — 

— 



Total 

2230 

559 

25.0 

113 

48 34 

28 

24 

S3 

13 

1 873 

39.1 

58 ' 6.6 


Aside from tlie health of the consort, nothing affects the happiness 
and welfare of the family as much as children. Therefore, the 
70 children born to these 64 mothers warrant some stud}'. We were 
unable to trace 4 of this group, leaving 66 for further analysis. Of 
this group, 1 was still-born and 3 others have died of non-tubercu- 
lous conditions. Of the 62 who are living and whom we have been 
able to trace, 2 became tuberculin-positive while still in the preven- 
torium, 1 of whom apparently acquired her infection from a grand- 
mother who visited her frequently and who was later found to be 
tuberculous, but no contact has ever been established for the other 
one. The remaining 60 children are all well and as far as we know 
free from infection and disease. 

Table 9. — Pregnancv Occurring Following Discharge From Sanatorium 
Subsequent to Thobacoplastic Operations. 


No. of mothers. 


Single births only. 

Now living. Now dead. 

Total. ' 

No. of 
babies. 

Single pregnancy . 

. . . 9t 1* 

10 

10 

With 2 pregnancies 

. . . 1 

1 

2 

With 3 pregnancies 

. . 1 

1 

3 

"With 4 pregnancies 

. . . 1* 

1 

4 

Total . ■ . . . . 

. . . 12 1 

13 

19 


* Also included in full-term deliveries at sanatorium, 
t Also included in premature group. 

During the period 1921 to 1940, inclusive, 11 women whose preg- 
nancy was recognized while they tvere patients in the sanatorium 
left the institution for t'arious reasons to be delivered elsewhere. 
Of this group, we have no follow-up on 4. Of the remaining 7, 
6 are alive and well, and 1 is dead. This girl returned to the sana- 
torium after delivery and died 22 months later. Of the 11 children 
who were born of these 1 1 mothers, all at the last report were living 
and well. 
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Up to January 1, 1941, we have followed 13 patients who had 
thoracoplasty operations at this sanatorium and who became preg- 
nant following discharge. The number of pregnancies and the 
children born in this group are shown in Table 9. Two women in 
this group were included in the full-term group delivered at the 
sanatorium and 1 of the 2 was dead at the time of discharge. One 
other is included in the premature group but she had a full-term 
pregnancy later. 

Table 10. — Comparison of Death Rates of Pregnant Women With All Women 
18 TO 39 Years of Age First Discharged From Sanatorium (1921-1940, 

Inclusive). 

Pregnant women. 

With full term 
delivery (inch With prema- 
2 who had had ture delivery Total preg- 
premature del.). only. nant women. All women. 

Followed 86 

Not followed .... 4 

Total counted .... 82 6 - 88 , 2230 

Deaths 15(18.3%) 4(60.7%) 19(21.6%) 837 (39.1%) 

One woman has been pregnant 4 times, another 3 times, another 
twice and the remaining 10 have gone through 1 pregnancy each. 

These 13 women have given birth to 19 children all of whom were 
well at the last report. 

Summary. Of 86 women, 18 to 39 years of age, whose pregnancy 
was allowed to go to full term during the years 1921 to 1940, 64 were 
delivered at the sanatorium and 22 were delivered elsewhere. Of 
the 82 followed up, 15 (18.3%) are dead in contrast to 39.1% of 
the women in the same age group who were discharged from the 
sanatorium for the first time during the same period. If those 
having premature deliveries are considered, 19 (21.6%) are dead in 
contrast to 39.1% of all women in the same age group who were 
discharged from the sanatorium for the first time during that interval. 

While this group is too small to warrant definite conclusions, still 
the length of the study gives it some value. It seems to indicate 
that when the tuberculosis is properly treated pregnancy probably 
does not adversely affect the tuberculous process. This should be 
a great boon to those people who have wanted children but who have 
felt that they could not have them because of tuberculosis. 

There are many variables which will require further study before 
we can explain why the death rate for all women 18 to 39 years of 
age following first discharge is approximately twice that of the 
pregnant group. It is, however, another factor influencing the 
conclusion that tuberculosis per se does not necessarily constitute 
an indication for therapeutic abortion. Conversely, if any condi- 
tion should exist which would be considered an indication for thera- 
peutic abortion if tuberculosis did not exist, then an abortion 
should be done even though tuberculosis does exist. 

VOL. 203, NO. 6.~jone, 1942 29 
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Treatment of the pregnant woman with tuberculosis by the most 
modern methods of combating the disease, together with equally 
modern prenatal care, apparently offers her as good a chance for 
recovery from her tuberculosis as tliough pregnancy did not exist. 
Perhaps a joint study by sanatoria holding the same views might 
yield figures large enough to be more nearly conclusive. 
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SYSTEMIC REACTIONS TO MERCURIAL DIURETICS. 

By Edward M. Kline, M.D., 

demonstrator of .medicine, 

AND 

W. B. Seymour, M.D., 

INSTRUCTOR IN MEDICINE, -WESTERN RESERVE UNIVERSITY SCHOOI, OF MEDICINE, 

CLEVELAND, OHIO. 

(From the Department of Medicine of Western Reserve University School of Medicine 

and the Lakeside Hospital.) 

Despite the general acceptance and widespread use of the organic 
mercurials as diuretics, little attention has been given the systemic 
reactions which sometimes occur. In papers dealing with the use of 
these relatively* little mention is made of their toxic- 

ity and many reports have appeared describing their use over long 
periods of time without mishap.®-'^-®’**’”'*®'*'^ However, aside from 
local toxic effects, certain generalized reactions have been re- 
ported. These are summarized in Table 1. 

Fii'e cases of systemic reactions to mercurial diuretics have come 
to our attention and, since these serve to illustrate some of the com- 
plications which are encountered, it seemed worth while to report 
them in detail. 

Case Reports. Case 1. — 21-j'ear-old white female, lias been followed 
since 1933 in the out-patient department of this hospital. The diagnoses 
were: rheumatic heart disease with mitral stenosis and insufficiency, and 
auricular fibrillation. Decompensation finally necessitated the use of 
mercurial diuretics in Januaiy*, 1937, and to March, 1941, she received a 
total of 22 injections, intravenous and intramuscular, of Salyrgan and 
Mercupurin without untoward effect. Since March she had had 10 dos^ 
of Mercupurin intravenously, 8 of which were followed by transient urti- 
caria and the last 2 injections by a diffuse eryrthematous rash. At this 
point it was considered unwise to continue the use of the mercurial duiretius. 

Case 2 — A 44-year-old white male was admitted to this hospital for tlie 
fimt' time on hlarch 26, 1938, with a diagnosis of chronic myelogenous 



SYSTEMIC REACTIONS TO MERCURIAL DIURETICS 


875 


leukemia. Ascites gradually developed and on June 4, 1940, he was given 
his first injection of 0.5 cc. of Mercupurin. Doses of 2 cc. were repeated 
on June 5, 8, and 9, 1940. There was nothing unusual about the patient’s 
reaction to these injections and they were all followed by the customary 
diuresis. 


Table 1. — Data of Cases of Systemic Reactions to Mercurial Diuretics as 

Reported by Others. 


Author. 

Sex. 

Age 

(yrs.). 

Injection 

following 

which 

reaction 

occurred. 

Type of reaction. 

Comment. 

Parade'8 . 

F 

66 

1 

Angina and vomiting 


Hugu . 




Gastro-intestinal disturbances, 8; 

Reactions observ- 





albuminuria and hematuria, 4; 

ed among 618 





fever, 2; dermatitis, 1. 

patients treated. 

Derow' 

F 

1 45 

3 

Albuminuria, hematuria, anuria. 

Recovery. 





and azotemia. 


Green wald and 

M 

2 

3 

1 Cyanosis, dyspnea, collapse and 

Nephrosis. 

Jacobson' . 




1 death. 



M 

3 

3 

Convulsions, collapse, death. 

Nephrosis. 

Molnaru . 

M 

39 

1 

Cyanosis, dyspnea, death. 


Andrews^ . 

■■ 

22 

1 

Repeated convulsions. 

Recovery. 

Cadburj’2 . 

F 

63 

2 

Delirium and coma. 



F 

47 

6-b 

Collapse and convulsions. 

Recovery. 


F 

21 

3 

Collapse and death. 



M 

■ 5 

1 

Collapse and death 


Sundaram'‘ . 

M 

10 

1 

Chest pain, collapse, death 


Wolf and Bon- 

■■III 

mm 

5-6 

1 Chills, fever, and rash after 5th 


giorno'* 




1 injection; collapse and death 



HjH 



after 6th injection. 


Tyson'S 

1 M 


2 

I ^ 

i Convulsions, death within 1 min. 

Nephrosis. 


[ M 

1 27 1 

5 

Convulsion, cyanosis and cessa- 

Nephrosis; final 





1 tion of respiration. 

recovery. 


On June 15, the patient received his fifth intravenous injection of Mercu- 
purin. The dofee of 2 cc. was unchanged but 2 hours following the injection 
he had a severe shaking chill and his temperature rose to 41 ° C. A similar 
reaction followed another injection of 2 cc. on June 24. No more mercurial 
diuretics were administered. 

Death resulted, on October 27, 1940, from intractable bleeding into the 
intestinal tract. Autopsy substantiated the clinical diagnosis of chronic 
myelogenous leukemia. There was no evidence of mercury nephrosis. 

Case 3.— A 49-year-old white male was seen for the first time May 4, 
1939, in advanced cardiac failure resulting from long-standing hypertension. 
His first dose of Mercupurin of 0.5 cc. was given intravenously on May 7, 
1939, and the second of 2 cc. on May 9. Both were followed by a good 
diuresis and no unusual symptoms. On May 13, a third dose of 2 cc. of 
Mercupurin was given intravenously. Three hours later the patient had a 
chill and the temperature rose to 39° C. Accompanying this rise in tem- 
perature there was marked dyspnea, cyanosis, nausea, and vomiting. 
Although the patient was greatly improved the following day there was a 
generalized morbilliform rash which persisted for about 72 hours. The 
temperature remained elevated and did not return to normal until the 
fourth day after the injection. No more mercurial diuretics were given at 
this time and he was discharged from the hospital greatly improved on 

May 26, 1939. 
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He was not seen again until August 1, 1939, at which time aU of his 
ssTuptoms had returned. There was tremendous anasarca and his weight 
had increased 40 pounds. Since 2 injections of Mercupurin had been 
pven unermntfull}’' the reaction following the third injection was thought 
to be fortuitous. Aecordingty, 2 cc. of Mercupurin were given intraven- 
ously (his fourth mjection) and again the precise episode which had fol- 
lowed the third injection appeared. The chUl, the dyspnea, the fever, and 
the rash all occurred in their proper sequence. 

By September 18, the edema had accumulated to such a degree that he 
was completely incapacitated. Aminophyllin given intramuscularly in 
large doses was now without effect. It was decided to trj^ a mercurial 
diuretic in the form of a rectal sujyositors^ (Mercurin). Following its use 
the patient_ experienced for the third time a severe reaction in everj^ way 
identical vdth those that had occurred subsequently to the intravenous 
administrations of the drug. 

He was hospitalized for long periods on two more occasions, but he con- 
tinued in a state of chronic failure until his death on March 14, 1940. At 
autopsy the heart was dilated and weighed 500 gm. The coronary arteries 
were patent but they were the seat of marked arteriosclerosis with calcifica- 


tion. There was a healed infarct of the m 3 'ocardium of the posterior por- 
tion of the left ventricle. Arteriosclerosis was generalized. There was no 
e%ddence of mercury nephrosis. 

Case 4.— A ST-j^ear-old white male, whose illness had started abruptly 
in November, 1939, ndth m 3 ’'Ocardial infarction. His progress had been 
satisfactory until Februaiy’-, 1939, -when he began to have edema and 
ascites. Salyrgan was administered (exact number of injections not known) 
intravenously and each time the patient complained of generalized pruritus 
foDovdng the injection; on two or three occasions he had also noticed a 
faint seal}'- eiydhema following its use. The patient was admitted to ^ke- 
side Hospital September 26, 1939, where he was di^talized and given inter- 
mittent doses of ammonium chloride, Aminoph 3 dlin, chloral h 3 ’-drate, and 
morphine sulphate. On October 2, 1939, 2 cc. of Sal 3 T'gan was given intra- 
venously without an 3 '' untoward effect. This was repeated on October 10, 
and was followed within 48 hours by severe generalized pruritus and an 
er 3 ’thematous rash. The rash and pruritus persisted and on October 16 
Salyrgan w'as given again. Iramediatel 3 '- after this injection the patient 
complained of pain and burning in the tongue and throat, and the nexi. 
day the generalized er 3 ’thema was more intense. Pruritus was extreme. 
In spite of intensive local treatment the inflammation increased. The skin 
became thick, dry, and scaty, and over the thighs there were numerous deep 
excoriations which resulted from the patient’s continuous scratching. 
Cardiac failure increased and the patient died on November 18, 1939. 

At autops 3 " the heart was dilated and weighed 630 gm. There was a 
large healed infarct invohdng the anterior and apical portion of both 
ventricles. Microscopic examination of a t 3 'pical area of skin showed a 
loss of stratified surface epithelium with marked perivascular infiltration 
of round cells and neutrophils. The capillar 3 ' bodies of the corium were 
edematous. There was no exndence of mercur 3 '^ nephrosis. 

Case o.— A 50-year-old colored male was seen for tfie first time in the 
Medical Out-patient Department of Lakeside Hospital on May 20, 1936. 
Over the past 4 months he had noted increasing d 3 'spnea, and edema. 1 lie 
only essential feature of the past medical histoiy^ was that he liad Imd a 
hard chancre of the penis about 30 years before. The examination demon- 
strated an advanced aortic regurgitation and all the signs of cardiac 
The Wassermann reaction was positive. The urine was normal, and tiic 
blood urea nitrogen was 13.5 mg. per 100 cc. 
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In spite of digitalization and some restriction of his activity, he did not 
improve and he was admitted to the hospital on July 6, 1936. He was 
given 1 injection of 2 cc. of Mercupurin intravenously with good diuretic 
effect and he was discharged after 20 days considerably improved. 

Treatment of the patient’s syphilis was begun on June 22, 1936. From 
this date until his final treatment on July 28, he received 6 intramuscular 
injections of bismuth at approximately weekly intervals. 

He remained comfortable for. about 6 weeks but after this period his 
dyspnea increased, and he was readmitted to the hospital on August 16, 
1936. Fifteen hundred cubic centimeters of fiuid were removed from the 
right pleural cavity and he was given 2 cc. of Salyrgan intravenously. 
Immediately his temperature rose to 39.3° C. and he became oliguric. The 
following chart shows his subsequent course: 


Hospital 



Urine, 


day. 

Intake. 

Output. 

sp. gr. 

B.U.N 

1 

. . 2450 

120 



2 

. . 1150 

180 

1.020 

32.2 

3 ..... 

. . 2660 

130 

1.015 

37.6 

4 

. . 1900 

600 

1.010 


5 

. . 1650 

1280 

1.010 

67.5 

6 

. . 1650 

1930 

1.010 



The patient became increasingly stuporous and irrational; on his sixth 
hospital day he died in convulsiops. The urinary sediment during this 
period contained only occasional white blood cells, and the blood pressure 
continued essentially unchanged. 

During his entire course the patient had received 4 intramuscular injec- 
tions of bismuth. The last injection was given on July 26, 1936. 

At autopsy there was cardiac hypertrophy and dilatation with syphilitic 
aortitis. The kidneys were of paramount interest. Grossly, they were 
enlarged, weighing 250 and 230 gm. The smooth capsule stripped easily, 
leaving a smooth yellowish-brown cortex. Tubular striations were appar- 
ent on the cut surface. Microscopic sections showed extensive degeneration 
of the tubules which were dilated. The lining epithelial cells were shrunken 
with granular eosinophilic cytoplasm and pyknotic nuclei. Hyaline casts 
and granular d6bris were seen in some lumina. Regenerating tubular 
epithelium was present in all sections. The glomeruli were normal, and 
the blood-vessels showed only slight sclerosis. 

Discussion. This report illustrates that the systemic reactions to 
a mercurial diuretic vary considerably in their severity. Certain 
evanescent phenomena are to be anticipated occasionally with the 
use of any intravenous medication, and when these reactions occur 
as an isolated response they probably have no significance. Excep- 
tions to this are instances where a sequence of injections produces 
identical reactions as in our first 2 cases. In Case 1 urticaria fol- 
lowed 8 consecutive injections, and in Case 2 a sharp rise in tem- 
perature followed immediately after 2 consecutive injections. Both 
patients had received previous identical injections without ill-effects. 

Severe reactions are the shock-like responses which, if fatal, occur 
a few minutes after the injection or, if not, are delayed 2 or 3 hours. 
The symptoms of pulmonary edema exhibited by Case 3 are similar 
to those described in fatal cases, and it was these respiratory mani- 
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if a given individual tolerates the first intravenous injection of a 
mercurial diuretic he will have no trouble with subsequent ones. 
This is probably the reasoning behind the use of a small dose of the 
drug at the first injection. However, a review of these cases and the 
literature does not warrant this impression. In only 2 of the 7 fatal 
reactions reported (a total of 8 with our case) did death follow the 
first injection. 

It is tempting to speculate on this point and to assume that 
injections, either intramuscular or intravenous, of an organic mer- 
curial compound occasionally “sensitizes” the individual to subse- 
quent injections. This explanation is, however, lacking true scientific 
confirmation. Nevertheless, it can be said ,with certainty that 
severe reactions to the mercurial diuretics are much more apt to 
follow any but the first injection. At the present time no prediction 
can be made as to when or under what circumstances a reaction is 
to be expected. 

Summary and Conclusions. 1. Five cases exhibiting systemic reac- 
tions to mercurial diuretics aie reported. 

2. In 1 case the reaction to the use of a rectal suppository was 
identical to the reactions which followed 2 intravenous injections. 

3. Reactions are more common after an individual has had several 
previous injections than after the initial injection. 

4. Considering the wide usage of these drugs the frequency of 
reactions is very low. 
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INEFHCIENCy OF IMMUNE GLOBULIN IN THE PROPHYLAXIS 
OF MEASLES DURING ADOLESCENCE.* 

By J. Rosm’hll Gallagher, M.D., 

SCHOOL PHYSICIAN, PHILLIPS ACADEMY, ANDOVER, MASS. 

Prior to the reports of McKhann and in 193.3 coni-alescent 

serum was considered to be the most satisfactory agent for the 
modification or prevention of measles,--^ but the difficulty of obtain- 
ing sufficient quantities of convalescent serum has always restricted 
its use. Since the introduction of immune globulin (measles anti- 
body) many reports of its use have appeared, ^ and it is generally 
agreed that this extract is of value in attenuating or preventing 
measles when given in proper doses and early enough in the incu- 
bation period. However, almost all the reports of its use have been 
concerned with prophylaxis in children of 10 years of age or less, and 
few^ reports deal wdth significant numbers of children of the adoles- 
cent period. Parish® has described an outbreak of measles in a 
girls’ boarding school in wffiich about one-half of the 89 susceptible 
girls, ranging in age from 13 to 17 years, W’ere gii’'en 4 cc. of immune 
globulin; 93% of the treated girls subsequently dei^eloped measles, 
and 75% of the untreated group became ill. Lyall and Murdick’ 
have reported two groups, one under institutional and the other 
under private care, ranging in age from 12 to 35 years, in which 
33% and 43%, respectively, of treated individuals did not develop 
measles ; however comparable figures for their 6 to 1 1 year age groups 
show’^ed that 72% and 74% respectively of treated children did not 
develop measles. Other reports include only small numbers of 
individuals in the older age groups. 

In a boys’ boarding school the problem of attempting to control 
measles occasionally arises, and because of limited facilities for 
proper bed care, it ma.y be desirable to attempt prevention rather 
than attenuation of the disease. 

During the winter of 1941, following an extensii'e outbreak of 
influenza, a relatively severe tj^ie of measles developed in this 
school where there w’ere 122 students who did not have a history of 
having had that disease. Many of these susceptibles had just 
recovered from influenza, the infirmary was crow’ded, and the stu- 
dents had lost much time from school; these seemed sufficient 
reasons for attempting to prevent measles, although in general it is 
believed that it is better practice to allow the individual to contract 
the disease in a modified form and to develop immunity.® The dose 
of placental extract depends in part on the weight of the recipient, 
the effect desired, and the relation between time of e.xposure and 
time of inoculation. 

» Aided by a grant Irom the Carnegie Corporation. 
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All individuals in this study ranged in age from 13 to 18 j^ears and 
between 110 and 165 pounds in weight. Prevention rather than 
modification was the object of the treatment; and all susceptibles 
were inoculated as soon as possible "without waiting for a history of 
definite exposure. Eighty-four students were given 8 cc. of immune 
globulin intramuscularly; the remaining 38 susceptible students 
were given no treatment chiefly because they did not appear when 
first summoned, or, in a few instances, because parental objection 
was anticipated, but no other factors operated in the selection of this 
control group. 

Results. It will be seen in Table 1, that 52% of the group of 38 
susceptibles who were not given measles antibody developed measles 
within the 28-day period of observation. Cases developing after 
28 days have not been included because it is believed that the pro- 
tection period of immune globulin is short.® During that 28-day 
period, 34 individuals (40% of the inoculated group) developed 
measles; however, 6 of these students developed measles within 
4 days of the time of their inoculation, and it is unlikely that an 
attempt at prophylaxis so late in the incubation period would be 
effective, and if these 6 cases are excluded, it can be said that 33% 
of the inoculated group developed measles more than 4 days and less 
than 28 days after treatment. If one believes that students of this 
age and weight should receive a dose of this size early in the in- 
cubation period if it is to be effective, it is reasonable to exclude the 
15 individuals who developed the rash of measles less than 10 days 
after the time of inoculation; of the remaining 69 students, 19 
(27 %), developed measles more than 10 days and less than 28 days 
after, that treatment. Because of the brevity of the protection 
period it is of interest to note that only one of these 19 individuals 
developed measles more than 16 days after his inoculation. Five 
of these 19 students had a relatively mild type of measles which 
apparently had been modified; only one of the non-inoculated group 
had a measles of similar mildness. None of the cases in either 
group developed any complications. 


.Table 1.— Results op Puophylactic Use op Immune Globulin. 

Inoculated. Not inoculated. 


Number of students 84 

Age range 13-18 years 

Weight range 110-165 lbs. 

Developed measles within 28 days of inoculation 34 (40%) 
Developed measles between 5th and 28th day 

after inoculation 28 (33%) 

Developed measles between the 11th and 28th 

day after inoculation 19 (22%) 

Developed modified or mild measles ... 5 


38 

13-18 years 
115-160 lbs. 
20 (52%) 


1 


From these data it seems probable that the immune globulin in 
that dosage had some immunizing effect, but it is evident that this 
effect was far from reliable and somewhat questionable. It is 
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significant that 14 individuals who had been given 8 cc. of immune 
globulin more than 10 days and less than 17 days before the develop- 
ment of their rash showed no modification of the disease. The 
evaluation of immune globulin for the prevention of measles in this 
age group obviously requires further investigation: the size of dose 
and potency of the extract used are two variables which might well 
affect the results obtained. 

Thirty of the 84 students inoculated had a relatively severe re- 
action with pain at the site of injection, fever of short duration, and 
malaise. Eight of the 19 students who developed measles between 
the 10th and 28th day after inoculation had severe reactions; 
of these 8, 3 had modified measles. 

Summary. 1. Eighty-four males ranging from 13 to 18 years of 
age were given 8 cc. of immune globulin (measles antibody) in an 
attempt to prevent measles. Thirty-eight males of similar age 
range were given no prophylaxis. 

2. Forty per cent of the treated group developed measles within 
28 days, and 52 % of the untreated group developed measles within 
the same period. Of the 69 students inoculated more than 10 days 
before the rash appeared, 19 (27 %) developed measles, and 5 of these 
cases were modified. 

3. It is suggested that a dose of 8 cc. of immune globulin given 
early in the incubation period is not an efficient agent for the pre- 
vention or modification of measles in this age group; but the vari- 
ation of success vTth differences in potency of extract and size of 
dose is emphasized. 
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THE EFFECT OF DRUGS ON THE CIRCDLATION IN NORMAL 
HANDS AND FEET. 

Bv Hugh Montgomery, M.D., 

associate IK MEDICIKE, school of MEOICIKE, TJKIVERSITY or PEKKSYLVAKIA, 

PHILADELPHIA, PA. 

(From the Robinette Foundation, Medical Clinic, Hospital of the University of 
Pennsylvania, and the Department of Pharmacology’, University of Pennsyh*ania.) 

The classification of drugs into “vasodilators” and “vasocon- 
strictors” suggests a simplicity which may mislead those attempting 
to secure their effects therapeutically. It is impossible to conceive 
of a considerable generalized dilatation of all I'essels in the body 
without assuming an increase in total blood volume, a type of 
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physiologic response which is believed to take place only sIowIjl 
Therefore, when large doses of the rapidly acting vasodilators are 
given to normal subjects and some vessels, as in the face, regularly 
dilate, other .vessels must constrict. Obviously, therefore, clini- 
cians cannot assume if the patient is given a drug classified as a 
“vasodilator” that the vessels of the extremities will dilate. 

The purpose of this paper is to present studies of the effects of 
various drugs upon the circulation of blood through the hands and 
feet, to compare these effects with those of physical agents and the 
effect of vasomotor paralysis, and to help clear the way for further 
investigation of methods, pharmaceutic and otherwise, to increase 
peripheral bloodflow in patients with insufficient peripheral cir- 
culation. 

The conclusions are based on measurements of bloodflow, pulse 
rate, and blood pressure, made in this clinic on normal subjects. 
Measurements of other investigators and recognized therapeutic 
effects are referred to briefly and are drawn upon freely to help 
produce Figure 1. 

Methods. The subjects were 26 young adults free of disease and 4 pa- 
tients, aged 21, 31, 41 and 50, who had no cardiovascular disease or fever; 
only 7 were women. 

Digital bloodflow was measured by one of two methods: by plethysmo- 
graph* or by skin temperature or by both. Rapid fluctuations in blood- 
flow were measured only by the plethysmographic method, because the skin 
temperature method has a several minute lag. Bloodflow in the toes was 
measured only by the skin temperature method, because it is difficult to 
fit a plethysmograph to a toe. All figures for bloodflow, including skin 
temperature figures, are reported as cc. of blood per 100 cc. of tissue per 
minute. Skin temperature figures were converted to cc. of blood per 100 cc. 
of tissue per minute by means of a graph previously published.'® By re- 
porting cc./lOO cc./minute instead of skin temperature changes in values 
become more significant. For instance, using a room temperature of 20° C. 
a skin temperature difference of 4° C. between 26° and 22° C. indicates 
a bloodflow change of only 6 cc./lOO cc./minute, whereas a skin tempera- 
ture difference of 4° C. between 34° and 30° C. indicates a bloodflow change 
of about 60 cc./lOO cc./minute.'® 

Blood pressure was taken from the upper arm by the usual Riva Rocci 
method. Pulse rate was counted directly or taken from the pulse waves 
photographed during plethysmography. Room temperature was kept con- 
stant, and in only a few cases was a thermostaticaUy controlled room re- 
quired and used. It is regretted that body temperature was recorded in 
only 27 of the 56 experiments. Body temperature was taken by a clinical 
thermometer kept for 5 or more minutes in the mouth. Cardiac output 
was measured only twice, in the case of induction of maximal vasodilatation 
by reflex heat, and during vasodilatation from alcohol. No considerable 
change in cardiac output resulted. f 

When drugs with brief action were studied, more than one drug was 
administered on a single day; but in no instance is a measurement reported 
when there was reason to suspect overlapping of drug effects. In the case 

* Dr. Burton made the plethysmographic measurements by a method recently 
described by him.^ 

t Dr. Isaac Starr made the measurements of cardiac output during peripheral 
vasoconstriction and subsequent vasodilatation. 
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of drugs with rapid effects on bloodflow onlj-- the plethysmographic method 
of measurement was used, because of the tune lag, previously mentioned 
of skm temperature. Vasodilator drugs w'ere used only w'hen vasodilata- 
tion w'as incomplete. With the exception of the use of alcohol (whisky by 
mouth) the identity of the drug w^as unknown to the subject until the 
experiment w'as completed. The subjects refrained from food 2 or more 
hours prior to each investigation. Each subject reclined lightlj' clothed. 
The various rneasurements wnre made until thej’’ became constant. 

In preparation for the use of drugs by hypodermic administration the 
effect on bloodflow^ in 10 subjects of 0.1 to 0.4 cc. of sterile water was 
measured. A shght increase or no increase in pulse rate, little if any 
change in blood pressure, and a transient decrease in bloodflow usuall}' 
resulted. In some instances the anticipation of needle-prick caused a 
similar transient change, quite distinguishable from the effects of drugs. 

Results. Amyl nitrite was administered 15 times in all, to 11 sub- 
jects. The subject inhaled the drug for § to 1 minute. Before 
administering the drug pulse rate, blood pressure, and bloodflow 
averaged 76/minute, 118/76 mm.-Hg, and 30 cc./lOO cc. tissue/min- 



Fig. 1. — Appro:dmate relative effectiveness of various drugs and procedures in 
increasing bloodflow in the hands and feet of normal subjects, "s.c.” = subcuta- 
neouslj’; “i.v.” = intravenously. The numbers given with the procedures refer to 
the bibliography concerning the individual procedures. 


ute respectively. After taking the drug the pulse, blood pressure, 
and bloodflow' in the fingers reached maximum change values 
(average) of 109, 98/58, and 5 in the average time of 1.4 minutes. 
In all instances pulse rate increased markedly (average -1-33), blood 
pressure fell sharply (av. -20/- 18) and bloodflow in the fingers 
decreased (av. —25) in response to the decrease in blood pressure. 
On the average, all effects of the drug had ceased within 4 minutes 
after beginning, 3 minutes after ending, inhalation. Bloodflow was 
not measured in the toes because the plethysmographic method 
not readily adapted to use on the toes and measurements of skin 
temperature are not sensitive to the rapid rate of changes under 
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amyl nitrite. The expected flushing of the face and feeling of 
“fullness” in the head occurred in all subjects. In other subjects, 
not listed here, bloodflow increased consistently ip the skin of the 
face (skin temperature) and in the oral mucosa (thermostromuhr). 

Mecholyl (acetyl-beta-methylcholine chloride) was injected snhcu- 
taneonsly 6 times in all in 5 subjects. Doses were varied from 4 to 
1 mg. in an unsuccessful attempt to cause a significant increase in 
peripheral bloodflow. Pulse rate usually increased (av. +23) and 
blood pressure usually fell (av. —7/ — 10). Bloodflow changes were 
variable and were neither striking nor sustained (av. +8 in finger, 
—2.5 in toe). Judging from the blood pressure and pulse the 
effects of the drug became maximal in 4 (average) minutes after 
injection and ceased after 16 (average) minutes. A single dose of 
12 mg. increased the pulse rate by 55 beats, lowered the blood pres- 
sure by 15/20 and decreased the finger bloodflow by 27 cc./lOO cc./ 
minute. 

Mecholyl by mouth (acetyl-beta-methylcholine bromide) was given 
to 5 subjects in doses of 0.4 to 0.8 gm. No significant change in 
pulse rate (av. +3), blood pressure (av. —3/ — 2) or bloodflow in 
the toes (av. 0) resulted. An increase in finger bloodflow of 6 may 
possibly be significant. No significant difference resulted from 
the different doses used. Mouth temperature tended to fall slightly 
(av. —0.2° F.), at average room temperature, 21° C. 

Boryl (beta-methyl-choline urethane) was injected subcutane- 
ously into 7 subjects. Doses were varied from 0.5 to 0.1 mg. in 
an unsuccessful attempt to cause a significant increase in peripheral 
bloodflow. Pulse rate changed insignificantly (av. +2, largest 
dose +10). Blood pressure either remained constant or fell slightly 
(av. —7/— 4), largest dose —25/— 15). Bloodflow was not signifi- 
cantly altered (av, —3, finger; —5, toe). Since the average effects 
on pulse rate, blood pressure, or bloodflow were insignificant, no 
conclusion can be drawn concerning the time of maximal effect or 
the duration of effect of the drug. No significant differences re- 
sulted from the different doses used. 

Pa-pmerine hydrochloride was given intravenously to 6 subjects 
in doses of .015 to ,05 gm. (J to f gr.). There was no significant 
change in pulse rate (av. +1), blood pressure (av. 1/1) or bloodflow 
in the toes (av. 0) . The bloodflow in the fingers increased markedly 
in 4 of the 6 instances, remained constant in 2 (av. +31). The 
maximum increases in finger bloodflow occurred in from 25 to 
38 minutes (av. 30) and some effect lasted for a little more than 
1 hour. Mouth temperature tended to fall but rose a degree in 
1 instance (av. —0.1° F.). Room temperature averaged 22° C. 

Food was given to 8 subjects who had received no food for more 
than 3 hours. It consisted of a palatable light or very light lunch 
with little or no hot food or drink. In every instance the pulse rate 
increased slightly (av. +10) and the blood pressure rose slightly 
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888 MONTGOMERY; DREGS IN CIRCULATION OF HANDS AND FEET 

(av. +12/6). Pulse rate, blood pressure, and finger bloodflow irere 
maximal in an average of 26, 9, and about 60 minutes respectively, 
and lasted for more than hours. In all but 1 instance the finger 
bloodflow increased (av. +.31) but no really significant change jn 
bloodfloAv in the toe resulted (av. +5). 

Alcohol (whisky diluted by tap water) was taken orally 8 times 
in all by 5 subjects in doses of 1 to 4 ounces. Pulse rate was not 
significantly changed (av. +4). Blood pressure was slightly raised 
(av. +9/+10) with this maximum effect at an average of +13 min- 
utes and with some elevation persisting for an average of 34 minutes. 
Only in 1 instance were measurements of finger bloodflow made, 
then 1 ounce of whisky was taken and the bloodflow increased by 
62 cc./lOO cc./minute and in that instance no increase in bloodflow 
in the toe resulted. In all 8 doses of alcohol the bloodflow in the 
toes increased (av. +22). In all but 1 instance mouth temperature 
fell (av. —.3° F.) at average room temperature 21° C. Striking 
increases in bloodflow in the toes resulted in all of 4 subjects by 
pushing the dose of whisky to 4 or 6 ounces (av. rise of 42 cc./lOO cc./ 
minute). This is approximately a maximal rate of bloodflow for 
the toes. 

Heat was applied to the body in 2 instances. The results verify 
the strong impression that vasodilatation occurs more readily in 
the hands than in the feet.^'--®''* In the first subject with a 0.2° F. 
rise in mouth temperature the finger bloodflow rose from a level of 
20 to a level of 115. The bloodflow in the toe failed to rise until 
further body heat accumulated. With the further rise of 0.2° F. 
in mouth temperature the bloodflow in the toe rose from a level of 
2 to a level of 50. The same experiment with another subject gave 
similar values: with a 0.3° F. rise in mouth temperature there was 
a rise of finger bloodflow from 2 to 110, with a constant flow in the 
toe of 2; and with a further rise in mouth temperature of 0.2° F., 
there was an increase in bloodflow in the toe from 2 to 40. 

Discussion. iMeasurements of bloodflow in the human extremi- 
ties have previously been reported with insufficient emphasis upon 
factors which are important if the measurements are to be compared 
with those of other inve.stigators. Attention to these factors helps 
to clarify some differences of opinion of the usefulness of various 
agents and drugs advocated for increasing bloodflow. A falling 
body temperature decreases peripheral bloodflow, a rising body 
temperature increases it.’° Environmental temperature change.s 
will influence body temperature and alter peripheral bloodflow ac- 
cordingly.”'* Pulse rate reflects blood pressure and cardiac output 
change.s to some extent, through carotid sinus and cardiac accelera- 
tor and depressor mechanisms, and indicates changes in the circula- 
tion centrally as well as peripherally. Blood pressure when de- 
creased may call in cardiac accelerator and peripheral vessel con- 
strictor changes, and when increased may slow the heart and even 
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reduce cardiac output. Great variations in effect result from differ- 
ent doses and routes of administration of some drugs. 

In general, then, measurements of peripheral bloodflow changes, 
made to evaluate the usefulness of agents intended to promote blood- 
flow, should be accompanied by the following measurements: 1, 
bloodflow in the foot as well as in the hand; 2, mouth or rectal 
temperature, 3, environmental temperature; 4, pulse rate, 5, blood 
pressure; and 6, listing of doses and routes of administration of drugs. 

Skin temperature measurement is a reliable method of measuring 
digital bloodflow with the exception that there is a time lag of 
several minutes’ duration, and for this reason rapid changes in flow 
are not accurately recorded. The simplicity of the skin tempera- 
ture method, however, makes it ideal for the study of sustained 
changes in digital bloodflow induced by therapeutic agents. Blood- 
flow data should be presented as cc. blood/100 cc. tissue/minute, or 
as temperature °C., but should not be presented solely as a difference 
in flow or a difference in skin temperature. 

Agents to be avoided as variables in any study of peripheral 
bloodflow are: 1, food; 2, heat or cold externally or internally; and 
3, smoking. The reaction of peripheral bloodflow to pain or to 
startle is a variable and is conspicuous ; but it is brief if the stimulus is 
momentary and it is readily distinguished from more useful, sustained 
effects. 

A study of the influence of several promising drugs and other 
factors upon digital bloodflow in normal subjects shows that digital 
bloodflow is augmented by these agents in the following order of 
intensity: 1, heat to the body sufficient to raise the body tempera- 
ture slightly; 2, alcohol by mouth, such as whiskj’’ in doses of 2 to 
6 ounces; 3, food; 4, papaverine intravenously; and 5, mecholyl by 
mouth. The approximated optimum doses and routes of dosage 
of the drugs are given. 

Certain powerful vasodilator drugs decrease peripheral bloodflow, 
probably because they have selective vasodilator action elsewhere 
or because they induce peripheral vasoconstriction by the carotid 
sinus reflex: amyl nitrite by inhalation, mecholyl (12 mg.), and 
doryl by hypodermic (0.5 mg.). In these instances the blood pres- 
sure falls. 

The list of drugs affecting the peripheral circulation is, of course, 
incomplete. However, from this list and from studies elsewhere, 
especially from the recent work of Abramson, Zazeela and Schklo- 
ven,^ it is possible to present the relative effectiveness of a greater 
variety of drugs and procedures that increase peripheral bloodflow. 
(See Fig. 1.) This order of effectiveness is approximate, is based 
on maximum effective and safe dosage, and fails to hold when tlie 
variables listed under “Discussion” are not controlled. hen vaso- 
dilatation has almost been induced by some set of circumstances, a 
drug of low vasodilator potency may be entirely effective, whereas 



890 montgosiery: drugs in circulation of hands and feet 


a drug high in the list may be ineffective when the subject has severe 
peripheral vasoconstriction at the time of its administration. 

The effect on bloodflow of exercise, of suction and pressure 
therapy, and of intermittent venous occlusion should be men- 
tioned. Though exercise is known to increase bloodflow con- 
spicuously in muscle, it probably has little effect upon bloodflow in 
digits. Alternate suction and pressm-e therapy is designed to force 
blood through fixed channels rather than to cause vasodilatation.*® 
The beneficial effect of intermittent venous occlusion rests on an 
unknown basis and with its use no consistent increase in peripheral 
bloodflow has been found.® 

Summary. Measurements of digital bloodflow were made in nor- 
mal subjects given vasodilator drugs. Consideration was given to 
the normal factors influencing bloodflow, i. e., food, environmental 
temperature and exercise. The approximate effectiveness of various 
normal and operative procedures and drugs intended to increase 
peripheral bloodflow are indicated in Figure 1. 
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Conceptual Thinking in Schizophrenia. By Eugenia Hanfaiann, 
Ph.D.. Instructor of Psychology, Mount Holyoke College, and Jacob 
Kasanin, M.D., Chief Psychiatric Service, Mount Zion Hospital, San 
Francisco, Assistant Clinical Professor of Psychiatry, University of 
California Medical School. Pp. 115; 1 colored plate. New York: Ner- 
vous and Mental Disease Monographs, No. 67, 1942. Price, S2.50. 
Kraepelin regarded the disordered thinking of the schizophrenic as a 
‘‘disturbance of association.” Since the day of that Master, various theo- 
ries have been advanced. Recently, the Russian psj’’chologist, Vigotsky, 
thought that the basic disorder was a conceptual impairment, leading to 
regression in thinking complexes, similar to those of children up to 
14 years; both classes show incapacity for the abstract thinking of the more 
mature, normal person. In this study, the effort has been to verify or 
modify, the conclusions of Vigotsky. The Concept Formation Test, 
originated by Ach and modified by others, Avas the method Vigotsky em- 
ployed. It consists in the use of 22 blocks varying in size, shape, height 
and color. On the bottom of each block is one of four nonsense words: 
lag, bik, mur, cev. Alter much detailed instruction, aided by the use of a 
colored illustration, the blocks are shuffled and_ the subject is put to the 
test. Briefly, it is to be noted what characteristic of the blocks the subject 
employs, in bringing about a grouping that shall cause all the blocks carry- 
ing the same nonsense word, to appear in one group. It is claimed the plan 
offers the opportunity for the formation of both complexes and conceptual 
thinking. Tests were made with 62 schizophrenics, 24 subjects with 
organic disease (paresis and arteriosclerosis), and 95 normal controls. 
Others have assumed there are different levels of thinking, which by these 
authors are arbitrarily named primitive, intermediate, and highest or con- 
ceptual levels. Working with these levels, it is their belief that most 
schizophrenics show impaired conceptual thinking; however, they maintain 
that not all normal persons respond satisfactorily at the conceptual level, 
nor do all schizophrenics fail to do so. N. Y. 


Encephalitis, a Clinical Study. By Josephine B. Neal, L. Bender, 
H. Harrington, R. S. Muckenfuss, T. J. Putnaai, A. A. Rosner and 
L. D. Stevenson. Pp. 563. New York: Grune & Stratton, 1942. 
This book appears in good time, because epidemiolo^c curves strongly 
suggest that, war or no war, the outbreak of another influenza epidemic 
can be expected in one of the next few 3 ’^ears. Influenza epidemics, on the 
other hand, have been often accompanied or followed bj’’ epidemics of 
encephalitis, although the intrinsic relationship between the two diseases 
is far from clear. A few of the many problems connected vith this question 
have been solved during the 25 j’'ears following the last pandemic. It 
seems to be an established fact todaj' that the clinical entitj' “influenza” 
is caused bj'' one of two specific Auruses and that Pfeiffer’s influenza bacillus 
plays onlj’' the role of an occasional secondarj* infectant. HoweA'er,^ the 
influenza virus does not seem to be the causative agent o( encephalitis of 
the lethargic type. In fact, just this type of encephalitis in contrast to 
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the St. Louis, the Japanese and the equine form— has not yet yielded a 
virus transferable to animals or cultivable in embryonic tissue. Yet, more 
men have probably suffered from lethargic encephalitis and its sequela; 
than from all other forms together. 

This book is arranged around the clinical course, the medical treatment 
of the acute stage of this disease and its late sequels (Neal), the surgical 
treatment of tremor, rigidity and blepharospasm (Putnam), psychiatric 
sequels (Rosner) and the behavior disturbances of children following 
encephalitis (Bender). Dr. Neal reports her extensive clinical e.\-perience 
gained from the observation of 800 cases of encephalitis, some of them 
checked over a period of 5 and more years. Well-selected histories ably 
illustrate the various phases and complications of this disease. A chapter 
on the neurologic complications of acute infections and vaccinations (Neal) 
supplements the clinical part of the book. However, it is an understate- 
ment to call this publication a “clinical study." One-fourth of the mono- 
graph is dedicated to the pathology of encephalitis and encephalopathy. 
Stevenson describes with rare completeness the manifold varieties in this 
field based mainly on personal experience. A number of well-reproduced 
photomicrographs illustrates the text. It is certainly stimulating to hear 
different authors discuss the same topic from various viewpoints. Many 
chapters of the book are accompanied by an exhaustive bibliography. This 
monograph may easily become the standard clinical and pathologic guide- 
book for the coming encephalitis epidemic. F. L. 


Four Treatises of Theophrastus von Hohenheiai Called Paracelsus. 
By C. Lilian Temkin, Gregory Zilboorg, George Rosen, Henry E. 
Sigerist. Edited, with a Preface by Henry E. Sigerist. Translated 
from the original German, with Introductory Essays. Pp. 256; 1 illus- 
tration. Baltimore: The Johns Hopkins Press, 1941. Price, S3.00. 
This English translation of four important treatises by Paracelsus, the 
great Swiss rebel against the medical traditionalism of the medical faculties 
of his day, is presented in commemoration of the 400th anniversary of his 
birth on September 24, 1541. As Dr. Sigerist explains in the Preface, they 
were cho.scn to illustrate four different aspects of his work. The first, the 
Szcben Defcnsiones, reveals the man and his fundamental ideas; the second, 
l'*on dcr Bcrgsucht, one of the earliest works on an occupational disease, 
opened a new line of medical writing; the third, Von der Krankkeiien, is 
“the most important document on [hisj psycholog}' and psychiatiy;” and 

the fourth. Liber de nymphis, sylphis (written in German, in spite of 

its Latin title) was included by Dr. Sigerist as a sample both of contempo- 
rar>' art and literature and of Paracelsus’ jihilosophy and theolog 3 '. We 
are again indebted to the Hopkins Institute for this scholarly contribution 
toward “rex-inng the personality of an honest man who was a great physi- 
cian and a staunch fighter for what he considered the truth." It is made 
the more entertaining and instructive b}' the Preface and the introductor>’ 
essa 3 ’s to each translation. E. K. 

The Treatjie-vt of Bvnss. By He.vry N, Harkins, M.S., IH.D., Pii.D., 
F.A.C.S., A.«sociatc Surgeon, Henrj' Ford Hospital, Detroit; Formerlv' 
Instnictor in Surgerj-, University' of Chicago; John Simon Guggenheim 
Memorial Fellow in Surgery, 1938-1939. Pp. 457; 120 figures, 40 t.abic.s 
and 1C charts. Springfield, 111.: Charles C Thomas, 1942. Price, .$0.50. 
Since in these Ini.sy days most medical books are u.«ed ns reference book.® 
and are not read from cover to cover, the author has done himself an 
injustice in the title lie ha.? chosen for thi.? book. This is a monograph on the 
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histoiy of the development of our knowledge of the effect of burns on the 
bod}'’ and of the general and local treatment of burns. The bibliography 
contains over 1300 references to the literature. 

This is a book to be recommended to a student of the subject of burns 
as well as to the clinician, though the clinician will find most of his informa- 
tion in Part IV. It is the most complete volume on the subject which is 
available. I. E. 


Acute Alcoholic Intoxication, A Critical Review. By Henry W. New- 
M.VN, M.D., Assistant Professor of Medicine (Neuropsychiatry) Stanford 
University School of Medicine. Pp. 207. Stanford University: Stanford 
University Press, 1941. Price, $2.50. . 

Years ago, if a man got drunk, he might at most beat his wife and 
children. Now, as the driver of a motor car, he can bring death and destruc- 
tion to the public. The increasing medico-legal importance of the subject 
has stimulated research, the results of which are critically reviewed in this 
volume by one who is himself an active investigator in the field. Part I 
deals with the general action of ethyl-alcohol, including chapters on absorp- 
tion and distribution, on excretion and on combustion. Part II, on the 
toxicology of ethyl alcohol, has chapters on acute toxicity, on the chemical 
diagnosis of drunkenness (the data here are particularly well presented), 
and on the treatment of acute alcohol intoxication. To each chapter is 
appended an adequate biblio^aphy. There are many gaps in our knowledge 
of the subject and many of its aspects are still controversial. The author 
is therefore all the more to be commended upon the excellence of his pre- 
sentation and evaluation of the material. The book is interesting, useful 
and stimulating. R. K. 


Food and Beverage Analyses. By Milton A. Bridges, B.S., M.D., 
F.A.C.P., Late Director of Medicine, Department of Correction Hos- 
pitals, New York; Consulting Physician, Seaview Hospital, Staten Island, 
New York, etc., and Marjorie R. Mattice, A.B., M.S., Assistant Pro- 
fessor of Pathological Chemistry, Department of Medicine, New York 
Postgraduate Medical School, Columbia University; Chief Chemist, 
New York Postgraduate Hospital. Pp. 344. Second Edition. Phila- 
delphia: Lea & Febiger, 1942. Price, $4.00. 

A compilation of analyses of a wide range of natural foods, cooked 
foods, packaged foods and beverages, including many common brands. 
The material is set forth in well-arranged tables. This second edition, 
somewhat larger than the first, includes much new material, notably data 
on the acidity of foods, their fiber content, the occurrence of sulphur, 
jjromine, calcium, oxalate, phytins, purins, available carbohydrates, and 
ionizable iron. Miss Mattice, who assisted the late Dr. Bridges in the 
preparation of the first edition, is to be complimented on the excellence of 
the present volume. It Avill be Avelcomed by all who deal ivith the practical 
problems of nutrition. R. K. 


■ Life and Death at Low Temperatures. By B. L. Luyet, Professor of 
Biology, and P. M. Gehenio, Instructor in Biology, St. Louis University. 
(No. 1 of a series of monographs on general physiology edited by B. J. 
Luyet.) Pp. 341; 33 illustrations. Normandj'-, Mo.: Biodynamica, 
1940. Price, $4.50. 

One of the most important of the universal physical factors of the 
environment is temperature. There is, perhaps, no other physical agent 
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the influence of which has been studied as extensively with both living 
and inanimate material. The present monograph deals with the effects of 
low temperature, and in particular is concerned with the following problems; 
1, The lower limit of temperature for various forms of life; 2, physical state 
of protoplasm at low temperatures; 3, the mechanism of injurj^ and death 
at low temperature. 

A great deal of useful information has been brought together in this book; 
a fairly extensive bibliography directs the interested reader to original 
sources. 

This book will be a welcome addition to the reference library of the 
general phj^siologist and pathologist. B. L. 


Memcai, Diseases of War. B3^ Sir Arthur Hurst, hi. A., D.hl. (Oxon.), 
F.R.C.P., Lieutenant-Colonel, Late R.A.hl.C., Lecturer on Clinical Medi- 
cine, University of Oxford, and Consulting Physician to Guy’s Hospital, 
etc. With the cooperation of H. W. Barber, M.A., M.B. (Cantab.), 
F.R.C.P., Phj'sician-in-Charge of the Skin Department, Guj^’s Hospital, 
H. B. F. Dixon, M.C., M.D. (Dub.), D.T.M. and H., F.R.C.P., Lieuten- 
nant-Colonel (temporarj^ Colonel), R.A.M.C., F. A. ICnott,M.D. (Lond.), 
M.R.C.P., Bacteriologist to Guy's Hospital, T. A. Ross, IM.D. (Edin.), 
F.R.C.P., Late hledical Director of Cassel Hospital for Functional Ner- 
vous Disorders, and Arnold W. Stott, M.A. (Cantab.), F.R.C.P., 
Colonel, R.A.hl.C., Late Consulting Ph}'sician to the British Expedi- 
tionarj'' Force; Physician to Westminster Hospital. Pp. 427; 48 illus- 
trations. Second Edition. Baltimore: The Williams & Wilkins Com- 
panj', 1941, Price, 85,50. 

First published in 1916 and again in 1918 under the title “Medical 
Diseases of the War,” this volume has now reached its second edition during 
the present war, a testimonj' to its worth. Of particular value are the 
first 15 chapters, comprising more than a third of the book, on various 
aspects of psj'choneuroses in ser\nce personnel. The detailed descriptions 
of etiologj', sjTnptoms, diagnosis and treatment, with manj' illustrative 
case reports, make this book most useful for all phj'sicians, especially those 
in the armed forces. Other topics include; trench fever, tj’phoid and 
paratj'phoid fevers, dysenter}', epidemic jaundice, malaria, meningococcal 
fever, tetanus, digestii'e disorders in soldiers (the Reviewer is pleased to 
note the recognition of nervous tension as a factor in the etiology of peptic 
ulcer, previously denied bj’ the senior author), war nephritis, effort .syn- 
drome, skin disease in war, gas poisoning (rather sketch30i ^Rid an index 
(not adequate). The book is highR recommended. R. K. 


Chinese Lessons to Western Medicint;. A Contriinition to Geographi- 
cal Medicine from the Clinics of Peiping Union Medical College. By 
I, Snapper, M.D,, Professor and Head of the Department of Medicine, 
Peiping Union IMedical College, Peiping, China. With a Foreword by 
George R. Mi.vot, Professor of Aledicine, Harx-ard University. Pp- 380; 
132 ilUistration.s and 38 tables. New York : Interscience Publishers, Inc., 
1941. Price, S5.50. 

O.NE of the fascinations of clinical medicine lies in the differences in 
dise-ase pictures that result from variations in race, jilace and economic 
status: the geography of medicine. Studies in medical geography, in 
turn, broaden our concepts and understanding of the.se di.=cascs. Tin.' 
volume offers many e.xarnples that are both interesting and instructive. 
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Since problems of nutrition are omnipresent in northern China, not only- 
does the opening chapter deal with nutritional disorders, but the discussion 
of practically every disease mentioned in the book is colored by the nutri- 
tional factor. There are chapters on infectious diseases (including com- 
parative strangers to western medicine, such as typhus, relapsing fever, kala- 
azar); tuberculosis; amyloid degeneration (rare in China, in spite of much 
tuberculosis and chronic bone suppuration); cardiovascular diseases (rheu- 
matic fever clinically rare, but its late valvular evidences not uncommon; 
arteriosclerosis rare, blood pressures usually low); renal affections; diseases 
of the liver and biliary system (frequence of parasitic diseases and of 
portal cirrhosis without alcoholism; rarity of gall stones and occurring 
equally in both sexes); diseases of the blood-forming organs; malignant 
tumors (primary liver cancer common); intoxications (opium); miscella- 
neous diseases. Extremely well written, the book reflects the experiences 
of an excellent clinician and pays high tribute to the quality of medicine 
practised by his Chinese associates. The illustrations are numerous and 
well done. The subtitle might well be amended to read: “An excellent 
contribution to chnical medicine.” Every physician will be a better doctor 
for having read this volume. R. K. 


Shock TnEAmENT in Psychiatry. _ A Manual. By Lucie Jessner, 
M.D., Ph.D., Resident Psychiatrist, Baldpate, Georgetown, Mass., 
Graduate Assistant in Psychiatry, Massachusetts General Hospital, 
Assistant in Psychiatry, Beth_ Israel Hospital, Boston, and V. Gerard 
Ryan, M.D., Associate Psychiatrist, Elmcrest Manor, Portland, Conn., 
Assistant in Psychiatry, Harvard Medical School. Introduction by 
Harry C. Solomon, M.D., Clinical Professor of Psychiatry, Harvard 
Medical School, Chief of Therapeutic Research, Boston Psychopathic 
Hospital. Pp. 149. New York: Grune & Stratton, Inc., 1941. Price, 
$3.50. 

This manual deals with the use of insulin, metrazol and electric convul- 
sive therapy in the treatment of the psychoses. It is brief, concise, and 
up-to-date. No attempt is made, as the authors say, to make it “a com- 
pendium nor does it purport to be a complete treatise on shock therapy.” 
Almost all statements are supported by references to the current literature. 
Indeed, not the least valuable part of the volume is its extensive bibliog- 
raphy. Critics of the so-called shock therapies will find few arbitrary 
statements in this book. While it offers few new ideas to those experienced 
in these forms to therapy, it can heartily be recommended to anyone 
wishing an up-to-date short review of the subject. T. R. 


Endotracheal Anesthesia. By Noel A. Gillespie, D.M., B.Ch., M.A. 
(OxoN.b D.A. (R.C.S. Eng.), Research Associate and Resident in 
Anesthesia, University of Wisconsin General Hospital, etc. Pp. 187; 
44 illustrations and 1 colored plate. Madison: The University of 
Wisconsin Press, 1941. Price, $4.00. 

This monograph is a compact, orderly and thorough presentation of the 
subject. Its author is well qualified for the task because of his wide personal 
experience and comprehensive grasp of the literature. Physiologic con- 
siderations are correct^’- combined with technical information and the book 
should be of interest to workers in the laboratorj’- as well as to clinicians. 
The section on “blind intubation” is exceptional!}’- well done. Here is a 
difficult procedure made easy by accuracy in observation and attention to 



896 


BOOK EEVIEWS AXD NOTICES 


detail brought from experience in hundreds of cases. Entirelj’- apart from 
factual data offered, the little volume repays study of its precision in selec- 
tion of -words and finesse of expression— a qualitj" too often lacking in medi- 
cal -tt'orks todaj'. The work can be unhesitatingly recommended to anes- 
thetists, surgeons, bronchoscopists, and those who enjoy a job well done, 
whatever their special interest in medicine. R. D. 


Dental Materia Medica, Ph.arxlacology, and Ther.\peutics. By 
Walter J. Billing, M.B., Cb.B. (Aberd.), M.P..S. (Hon.), Professor 
of Pharmacologj' and General Therapeutics, School of Dental Surgerj', 
Liverpool University, etc., and Samuel Haliaxi, L.D.S., R.C.S. (Eng.), 
Honorary' Dental Surgeon, Liverpool Ro 3 'al Infirmary', etc. Pp. 348. 
Second Edition, revised. London: Cassell & Co., Ltd., 1941. Price, 
13/6. 

This book gives in concise form the pharmacologic actions of a large 
number of drugs, placing emphasis chiefly upon those used in dentistry'. 
This book is compact, accurate and up-to-date, but because of the vast 
field covered in a small space, the authors often tend to be didactic and 
have omitted altogether references to original research work. J. C. 


Industrial Surgery, Principles, Problems, and Practice. By Willis W. 
Lasher, M.D., Surgical Director, Employers Liability Assurance Corpo- 
ration, New York; Assistant Professor, Traumatic Surgeiy', New York 
PostrGraduate Medical School. With a Foreword by Charles Gordon 
Heyd, M.D., Past-President of the American Medical Association. 
Pp. 472; 194 figures. Enlarged First Edition, 1942. New York: Paul B. 
Hoeber, Inc. Price, 86.50. 

This “enlarged edition” has all the merits of the first edition with the 
addition of two new chapters, one on sprains and strains and one on chemo- 
therapy'. The Revieiver would like to have seen the use of crystalline 
sulfanilamide recommended for use in all lacerated wounds rather than 
iodine or another antiseptic. Yliile iodme is useful for skin antisepsis it is 
harmful when used within the wound. In the out-patient surgical sendee 
of civilian hospitals the sulfonamides have been found to be more effective 
in preventing infection than any' other substance. 

Industrial surgery' today’ takes its place in importance in the war effort 
Iioside naval and army' medicine and this book is a timely guide to all those 
engaged in industrial medicine. 1. R. 


Synopsis of Applied P.\thological Chemistry. By Jerome E. Andes, 
M.S., Pn.D., M.D., F.A.C.P., Director of Department of Health and 
Medical Advi.ser, University of Arizona, Tucson; Formerly Aissistant Pro- 
fessor of Pathology and 'Clinical Pathology, West Virginia University 
Mcilical School, and A. G. E.won, B.S., AI.A., Pn.D., Assistant Pro- 
fessor of Physiology, Louisiana State Univereity School of Medicine, 
New Orleans. Pp. .390. St. Louis; The C. V. Mosby Company, 1941. 
In this small book the author.s have produced a potent distillate; it is all 
meat. The everyday facts about normal and abnonnal human body 
chemistry that one u-ants to find in an almost iiockct-sizcd ready reference 
are included with more than usual completcne.-s; the necessary speculations 
arc brief and concise. 
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The book is made up as follows: Part I, The Chemistry of the Blood, 
consists of 14 chapters (including a particularly good synopsis of the subject 
of acid-base balance in Chapter VI) ; Part II devotes 21 pages to the chem- 
istrj’- of the Cerebrospinal Fluid; and Parts III, IV and V deal with, respec- 
tively, Chemistrj'- of the Urine, Functional Tests (renal, liver and endocrine), 
and Gastric Analysis and Basal Metabolism; an Appendix describes a 
number of reagents. Each chapter contains the well-established chemistry 
techniques for the estimation of each substance discussed, in adequate 
detail. 

Each of the more important chapters contains a good table summarizing 
the variations found in health and disease and, what should be most useful 
to a practicing plij'^sician whose patient pays for individual chemistry 
tests but does not particularly desire to endow the laboratory; asterisks 
point out which tests are of emphatic clinical usefulness. Then there are 
two “master” tables covering blood chemistry in the first chapter of that 
section, where, under the heading Preliminary Considerations, there 
appears much pertinent advice about collection of specimens. 

Although sulphonamide and other drugs do not come under the heading 
of normal or abnormal body metabolites, with which the subject of the 
book is concerned, the authors have wisely included a chapter “Tests for 
Drugs in the Urine” and the quantitative method for sulphanilamide in 
blood. 

This book will appeal particularly to students of medicine (whether 
undergraduate or postgraduate) who are studying to pass examinations, 
to hospital internes and to clinical laboratory workers; and, no less, to 
practicing physicians who want on their desks for ready reference a handy- 
sized compendium of the facts of chemical physiology. 

Several oversights of the proofreaders were noted: page 20, fourth Line 
from bottom; page 65, third line from bottom; page 66, top line (“Normal 
values of urea are usually found in cardiac decompensation uncompensated 
by nephritis”); page 86, line 10 from top; page 278, line 13 from bottom; 

' and on page 78, the first clause of the last sentence is an interesting way to 
put it. Aside from these inconsequential errors, this Reviewer noticed 
only one definite mistake: the definition of “volume index” on page 144, 
and its confusion with cell hemoglobin concentration or “saturation index.” 

D. B. 


Clinical Immunology, Biotherapy and Chemotherapy in the Diagnosis, 
Prevention and Treatment of Disease. By John A. Kolmbr, M.S., 
M.D., i3r.P.H., Sc.D., LL.D., L.H.D., F.A.C.P., Professor of Medicine, 
Temple University School of Medicine; Director of the Research Institute 
of Cutaneous Medicine; and Louis Tuft, M.D., Assistant Professor of 
Medicine and Chief of Clinic of Allergy and Applied Immunolo^, Temple 
University School of Medicine. Pp. 941, 27 illustrations. Philadelphia: 
W. B. Saunders Company, 1941. Price, $10.00. 

This volume represents a new departure in that it includes under the 
same cover a thorough presentation of the principles of infection, immunity, 
biotherapy and chemotherapy, and also a detafied discussion of the applica- 
tion of these principles in the diagnosis, prevention and treatment of specific 
diseases. Part I is devoted to the general aspects of the subject, wdth 
chapters on the mechanism of infection and the production of disease by 
Imng agents; natural and acquired immunity; antigens and antibodies, 
phagocytosis, the mechanism of antitoxic and antibacterial innnunity; 
anaphylaxis and aUerg}'; diagnostic immunologic reactions; active immuni- 
zation and vaccine therapy; passive immunization and serum therap 3 '-; 
bacteriophage therapy; methods of diagnosis and treatment of allerg}"; 
blood transfusion therapy; non-specific protein therapj"; chemotherapy. In 
Part II are discussed the various diseases produced bj" living agents and the 
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diseases due to allergy, with discussions of etiology, epidemiology and trans- 
mission, pathogenesis, immunology, diagnostic prophylactic and therapeutic 
measures. An interesting and useful feature of the book is found in the 
concise summaries at the end of each chapter or individual disease section, 
in the latter being tabulated and set apart in a box enclosure for easy 
reference. There are no detailed descriptions of serologic or purely labora- 
tory methods; but the tests used by practicing physicians, such as diag- 
nostic skin tests, are fully described. At the end of each chapter are given 
the principal references to the literature. Intended primarily for prac- 
titioners of medicine and public health, the book will also be useful to stu- 
dents and their teachers, both in the preclinical and clinical years. Both 
authors bring to their task a rich experience in investigation and practice 
in their respective fields. Questionable is an undue emphasis on biothera- 
peutic measures as opposed to chemotherapy, but the defect is of relatively 
minor importance. The work is highly recommended to physicians and 
students. R. K. 


Nasal Sinuses: An Anatomic and Clinical Consideration. By 0. E. Van 
Alyea, M.D., Assistant Professor, Department of Laryngology, Rhin- 
ology, and Otology, University of Illinois College of Medicine, Chicago. 
Cloth. Pp. 270. Baltimore: The Williams & Wilkins Company, 1942. 
Price, S6.50. 

A NEW approach to the management of sinus abnormalities is presented 
by the author who feels that a correlation of anatomy and histopathologj'^ 
with the clinical picture of sinus disease will do much to clarify present 
therapeutic efforts. A bibliographj’^ appended to each chapter covers the 
literature since 1934. The illustrations are well chosen and succeed in 
demonstrating important anatomic features as well as showing therapeutic 
approaches. H. S. 


NEW BOOKS. 

A Textbook of Clinical Parasitology Including Laboratorj’^ Identification and 
Technic. B 5 ’^ David L. Belding, M.D., Professor of Bacteriologj’ and 
Experimental Patholog}', Boston University School of Medicine; Member 
of Staff of Evans Memorial and Massachusetts Memorial Hospitals, 
Pp. 890; 1500 illustrations. New York: D. Appleton-Centurj" Company. 
Inc., 1942. Price, S8.50. 

Internal Medicine in Old Age. By Albert Mueller-Deham, M.D., Asso- 
ciate Visiting Physician, Welfare Hospital for Chronic Diseases (Second 
Division), Department of Hospitals, New York City, etc. Pp. 377; 
11 illustrations. Baltimore: The AVilliams & Wilkins Company, 1942. 
Price, 85.00. 

Psychosurgery— Intelligence, Emotion and Social Behavior Folloiving Pre- 
frontal Lobotomy for Mental Disorders. By Walter Freeman, iM.p., 
Pii.D., F..\.C.P., Professor of Ncurolog>', George Washington University, 
Washington, D. C., and James W. Watts, B.S., M.D., F.A.C.S., Asso- 
ciate Clinical Professor of Neurosurgerj*, George Washington University, 
Washington, D. C. With special psychometric and jiersonality profile 
studies by Theuma Hunt, ^I.D., Ph.D., A.ssociate Professor of P.sjtIioI- 
og\’, George Washington University, Washington, D. C. Pp. 337; 81 
illustrations. Sprin;^eld, 111.: Charles C Thomas, 1942. Price, .80.00. 

The History and Evolution of Surgical Instruments. By Dr. C. J. S. Thomi’- 
soN (with a foreword by Dr. Cn.\UNCEY D. Leake). Pp. 100; 115 illus- 
trations. New York: Schuinan’s, 1942. Price, 88.50. 

Psychological Effects of IFnr on Citizen and Soldier. By R. D. Gillespie, 
M.D., Plivsician for P.-ychological Medicine, Gui-’.s Ho.spital, London. 
Pp. 250. New York: W. W. Norton & Co., Inc., 1942. Price, .82.75. 
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Nephritis. By Leopold Lichtwitz,^ M.D., Chief of the Medical Division 
of the Montefiore Hospital; Clinical Professor of Medicine, Columbia 
University. Pp. 344; 120 illustrations. New York, Grune & Stratton, 
Inc., 1942. Price, S5.50. 

Science and Man. By Ruth Nanda Anshen. Pp. 494. New York: 
Harcourt, Brace & Co., 1942. Price, $4.00. 

Rabies.^ By Leslie T. Webstee, M.D., The Rockefeller Institute for 
Medical Research, New York. Pp. 163. New York: The Macmillan 
Company, 1942. Price, $1.75. 

The Medical Clinics of North America, Vol. 26, No. 2, St. Louis. Pp. 635; 
126 illustrations. Philadelphia, W. B. Saunders Company, 1942. 

NEW EDITIONS. 

The Principal Nervous Pathways. By Andrew Theodore Rasmussen, 
Ph.D., Professor of Neurology, Department of Anatomy, University of 
Minnesota Medical School, Minneapolis, Minn. Pp. 65; 28 illustrations. 
Second Edition. New York: The Macmillan Company, 1941. Price, 
$2.50. 

Endocrinology. Clinical Application and Treatment. By August A. 
Werner, M.D., F.A.C.P., Assistant Professor of Internal Medicine, 
St. Louis University School of Medicine, etc. Pp. 924; 327 illustrations. 
Second edition. Philadelphia: Lea & Febiger, 1942. Price, $10.00. 

Hughes’ Practice of Medicine. Revised and Edited by Burgess Gordon, 
M.D., Clinical Professor of Medicine, Jefferson Medical College; Director 
and Physician-in-Charge, Department of Diseases of the Chest, Jefferson 
Hospital, Philadelphia. Pp. 791; 36 illustrations. Sixteenth Edition 
Philadelphia: The Blakiston Company, 1942. Price, $5.75. 

“The book is intended primarily to present in concise form the clinical features 

and the treatment of disease As previously, theoretical and controversial 

views are not discussed as these are fully covered in the current literature, special 
monographs and the standard textbooks of medicine Among the new sub- 

jects are: focal infections; streptococcal, staphylococcal. Bacillus pyocyaneus, 
and Bacillus proteus infections; virus pneumonia; lymphogranuloma inguinale, 
epidemic pleurodynia; lymphocytic choreomeningitis, Pappataci fever; Tsutsu- 
gamushi disease; Blastomycosis, coccidioidal granuloma; sporotrichosis; mycetoma; 
moniliasis; Balantidiasis; Coccidiosis; Sarcoidosis; erythema articum epidemicum; 
panniculitis; serum sickness; shock; electric shock; the effects of over-exposure 
to the x-rays; Marihuman (sic) habit; sulfonamide poisoning; war gas poisoning; 
mercury poisoning; arsenic poisoning; zinc poisoning, riboflavin deficiency; osteo- 
malacia; tumors of the bone; hyperinsulinism ; hemochromatosis; ochronosis; 
lipomatosis; regional ileitis; megacolon; tuberculosis of the intestine; affections 
of the mesentery; erythremia; hemorrhagic disease of the new-borii; the cardiac 
neuroses; acrocyanosis; periarteritis nodosa; painful heel; frost bite; sinusitis; 
diseases of the ear; tuberculous tracheobronchitis; pulmonary infarction; lung in- 
juries due to air raids; cysts of the lung; geriatrics; myasthenia gravis; amyotonia 
congenita; progressive muscular dystrophy; pseudo-hypertrophic muscular dys- 
trophy; and family periodic paralysis." (Preface.) 

Diseases of the Skin. By Frank Crozer Knowles, M.D., Professor of 
Dermatology, Jefferson Medical College, etc., Edward F. Corson, M.D., 
Clinical Professor of Dermatology, Jefferson Medical College, etc., and 
Henry B. Decker, M.D., Assistant Professor of Dermatology, Jefferson 
Medical College, Philadelphia. Pp. 621; 272 illustrations. Fourth 
Edition, thoroughly revised. Philadelphia: Lea & Febiger, 1942. 
Price, $7.00. 

Electrotherapy and Light Therapy With the Essentials of Hydrotherapy and 
Mechanotherapy. By Richard KovAcs, M.D., Professor of Physical 
Therapy'', New York Polyclinic Medical School and Hospital, etc. Pp. 
735; M4 illustrations. Fourth Edition, thoroughly revised. Phila- 
delphia: Lea & Febiger, 1942. Price, $8.00. 
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CTSTIC FIBROSIS OF THE PANCREAS. 

Within the past few years, out of the great catch-basket of chronic 
intestinal disorders comprised in the term “ celiac disease,” a new and 
significant entity has crystallized out. Though celiac disease itself was 
described by Gee-^ in 1SS8, Herter’s-® monograph on intestinal infantil- 
ism emphasized to the medical profession the importance of the con- 
dition. In the early literature on celiac disease, one finds such prominent 
names as Gibbons," Bramwell,® Cheadle,*- Still,®° Howland,’- Marriott,” 
Haas,” and Parsons.'*’ There is general agreement now that these cases 
are not all alike and that several distinct pathologic processes may give 
rise to the clinical picture which Holt and McIntosh’* prefer to describe 
as the “celiac s^radrome” rather than “celiac disease.” 

Passini** (1919) was apparently the first to describe an instance of 
faulty digestion in an infant due to pancreatic disease. Otlier reports 
soon followed, and it gradually became apparent that fibrotic lesions 
of the pancreas could give rise to s.iTnptoms of chronic intestinal indi- 
gestion resembling closely those which had been previously considered 
pathognomonic of celiac disease. Most cases of celiac disease, of course, 
fail to show any pancreatic changes, or for that matter, any pathologic 
lesions in any part of the gastro-intestinal tract. It remained for 
Parmelee*’ in 19.35 to indicate the probable relationship between infan- 
tile steatorrhea and deficiency of the pancreatic exocrine secretion. 
Harper*' and Andersen” in 193S, and Rauch, Litvak and Steiner*'* in 
1939, all working independently, threw this hitherto indefinite entity 
into sharp focus, reviewing the accumulated material in the literature, 
and correlating the available data with observations on personally 
observed cases. A number of additional important contributions have 
come forward in the past few years, and the pediatric profession has 
been made aware of the existence of the diagnostic possibility. Clinical 
recognition of cases is now of commonplace occurrence in many clinics, 
and progress has been made in the direction of siicccs.sful treatment. 
For a complete historical review of the development of our modern 
concept of cystic fibrosis of the pancreas, the reader is referred to the 
above-mentioned key papers and that of Jeffrey.” 
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Frequency. General knowledge concerning this disorder is still too 
fresh for the securing of accurate data on its statistical frequency. 
Unless a microscopic examination is made of the pancreas of every 
infant coming to necropsy, whether stillborn or dying in the first few 
years of life, the existence of the lesions may escape recognition. Ander- 
sen’s^® original study comprised 49 cases, of which 20 were collected 
from the literature on celiac disease and pancreatic insufficiency, 7 from 
the literature on vitamin A deficiency, 2 from outside hospitals and 
20 from the pathologic files of the Babies’ Hospital, New York. Black- 
fan and Ma}'^ collected 35 examples in a review of 2800 postmortem 
examinations on children. Farber” stated he had seen this type of 
pancreas at autops^^ in well over 40 cases in advanced form and in over 
300 cases in minor degrees. Harper^® reported 8 personally observed 
cases with postmortem observations on 5. Deem and McGeorge*® were 
able last year to make the clinical diagnosis on 7 infants having steator- 
rhea, confirming the diagnosis in the 1 case on which an autopsy was 
performed. Thej'^ described 2 additional instances of congenital pan- 
creatic fibrosis in infants dying in the neonatal period; in both infants 
the cause of death Avas congenital stenosis of the gut. Snelling and 
Erb^® recognized 19 patients in a 20 year period, 14 of which were ob- 
served between 1937 and 1941. The most recent report, that of Jeffre^^®^ 
refers to 88 cases from the literature and presents 2 new ones. Jeffrey 
and others have noticed a greater incidence in females (68%). The 
growing flood of papers on this topic will no doubt raise the total very 
much higher with the incidence of celiac disease regressing in inverse 
proportion. 

Pathology. In most of the recorded instances no gross abnormalities 
of the pancreas have been detected although, to the experienced observer, 
the changes are often characteristic and readily recognized.^®-” The 
gland may be narrower, much firmer in consistency and more pinkish- 
red than is normal for a child of this age, and occasionally a slight 
grating sound can be noted as a knife passes through calcified concre- 
tions. The lobules appear rounded and uneven in size. In the Re- 
viewer’s experience such affected glands have shown tiny opaque yellow 
foci scattered through their substance. OppenheimeU^ studied the 
findings in a 10 months’ old white girl and found the pancreas normal 
in the fresh state, but after being fixed in Zenker’s fluid numerous fine 
Avhite opacities became evident. She was unable to demonstrate any 
opening of the pancreatic duct into the duodenum on gross dissection 
or on serial microscopic sections. After carefully going through the 
literature, Oppenheimer states that there are only 4 other cases recorded 
in which a congenitally occluded pancreatic duct appeared to be the 
initial lesion in cystic fibrosis of the pancreas. In most other cases the 
pancreatic duct was patent and in 1®’ it Avas dilated throughout. 

On microscopic examination of the pancreas the ducts are distended, 
stenosed or atretic, and the acini and small ducts are dilated, contain- 
ing inspissated coagulum or calcified concretions. The acinar cells 
may be flattened to form a thin epithelial AA^all about the coagula AA'hich 
are eosinophilic and sometimes laminated. Metaplasia of the epithe- 
lium of occasional ducts has been described. Surrounding the acini 
and also the lobules is an increased amount of fibrous tissue lightly or 
heaAuly infiltrated AA'ith mononuclear cells, lymphocytes and occasional 
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neutrophils. The islands of Langerhans are usually normal in size and 
number. In a few instances'®-^’^ the acinar tissue was scanty or absent, 
being replaced bj" fat lobules. In association with these pancreatic 
changes one finds as a rule certain pulmonary changes present almost 
constantly at the time of death. These pulmonary changes consist of 
bronchitis, bronchiectasis, pulmonary abscesses arising in the bronchi, 
fibrosis or abscess of the lung, lobular pneumonia or any combination 
of these. Stayhyhcocciis aureus is the predominant bacteriologic agent 
in most cases. Manj' but not all of the more recently studied cases 
have shovm the keratinizing metaplasia of the bronchioles and other 
epithelial-lined organs which are characteristic of vitamin A deficiency.® 
Fatty changes in the liver are usually present. The e-ristence of con- 
genital anomalies in other \asceral organs has been repeatedly com- 
mented upon also. Keratomalacia resulting in corneal ulceration and 
opacities has been described in a few instances.®''“-^®’®® There have 
been apparently no cases of keratomalacia occurring in celiac disease. 

Etiology. The basic cause of this pancreatic disturbance has not 
been elucidated. In a few instances the appearances suggest fatty 
replacement of atrophied or undeveloped tissue. Blackfan and Wol- 
bach® suggest that the lesion has its beginning in a thickening of the 
physical character of acinar secretion; this material inspissates and 
causes obstruction with resulting hj'pofunction of the secretory mechan- 
isms, initiating a progressive vicious circle. .Andersen-®'® points out 
that in some instances the changes in the pancreas appear to be the 
result of obstruction in the small or large pancreatic ducts and that the 
stenosis or atresia may have been the result rather than the cause of 
the fibrosis. Somewhat similar changes in the secretory tissue of the 
gland can be produced experimentally by surgical ligation of the pan- 
creatic duct in animals. The high frequency of associated anomalies 
in these children, the fact that the changes may be well marked in 
infants dying in the first week of life, and the oft-noted familial inci- 
dence argue in favor of congenital malformation as the etiologic agent. 
On the other hand the fibrosis and cellular invasion suggest inflamma- 
tion of the pancreas. There is no reason to incriminate congenital 
syphilis as the cause of this hypothetical inflammation. In the case of 
congenital obstruction of the intestine in the newborn tiie pancreatic 
change may be due to retrograde back pressure of secretion or possildy 
to a.scending infection along the ducts. The presence in some cases of 
proliferation and metaplasia of the epithelium in the lungs and else- 
where throughout the body suggest the possibility of vitamin A defi- 
ciency in the mother before the ehild was born. This could e.xplain 
the familial incidence in terms of deficiency of vitamin A in the matcrniil 
diet or of a disturbance in the mechanism of absorption of the vitamin 
in the mother. Unfortunately for this hj’potheses attempts to repro- 
duce the lesions experimentaliy in pregnant animals having congenital 
vitamin A deficiency has not been successful. Furthennore, it appears 
that in many children having this form of hypovitaminosis the duct 
epithelium of the pancreas fails to manifest the atrophy and inetapiasia 
which becomes evident in other parts such as trachea, bronchia! glands 
and renal pelvis. 

Symptomatology and Clinical Course. Generally speaking, t lie cases 
can be divided into three groups: «, Those dring during the neonatal 
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period with symptoms of intestinal obstruction from inspissated meco- 
nium; b, those dying between the neonatal period and 6 months of age 
with failure to gain in weight; and, c, those dying after the sixth month 
with, in most instances, the celiac syndrome in addition to the clinical 
features typical of the second group. 

The term “meconium ileus” describes intestinal obstruction in the 
newborn due to complete plugging of the intestinal lumen by a mass of 
thiek gummy meconium. Dodd^® in 1936 reviewed the literature and 
found 21 instances. In 5 of these cases the child after showing symp- 
toms of intestinal obstruction for several days passed one or more plugs 
of puttylike meconium and then was well. In the majority of other 
cases the ehild had no bowel movements, and the condition was diag- 
nosed clinieally as a eongenital developmental obstruction of the gastro- 
intestinal tract. At operation or at postmortem examination no other 
eause for the obstruction could be found. In most instances the intes- 
tine was enormously dilated above the meconium plug, and completely 
collapsed below. In several cases the intestinal musculature was 
hypertrophied at the point of obstruetion. Rupture of the intestines 
with meconium peritonitis oceurred in several children. As a rule, in 
these cases no lesions were found apart from changes in the pancreas, 
detectable microscopically. There was a marked increase in the fibrous 
stroma of the pancreas, accompanied by mild infiltration with phago- 
cytes of various types. The acini were atrophie and scarred. The main 
pancreatic duct was dilated and thick-walled; the dilatation extended 
back into the duct branches and involved some of the acini. In 1 case 
the pancreatic duct was described as stenosed near its outlet.®® This 
interesting though rare condition has not received much comment in 
the literature. Bronaugh and Lattiner® recently described a typical 
case, and Adamson and Hild^ have reported an unusual complication 
in the form of a secondary intussusception occurring during the pre- 
natal period. Absence of pancreatic juice or, rarely, of bile results in 
inspissation of meconium with subsequent intestinal obstruction. There 
have been several cases^®’®^’®® in which obstruction to the passage of 
bile into the intestine was present and no pancreatic lesions. Most of 
the cases of meconium ileus have been operated on for intestinal ob- 
struction, and the diagnosis not made until the abdomen is explored. 
One notes that some of the infants had been observed to pass a small 
quantity of thick puttylike material prior to operation, a finding which 
might give a clue to the true nature of the situation. 

In the first months of life the child with cystic fibrosis of the pancreas 
has a good appetite and eats well, but fails to gain weight on an ade- 
quate diet. He usually has a number of pale, foul-smelling stools each 
day, often diarrheic in appearance. His general appearance is that of 
undernutrition, frailty and anemia, with prominence of the abdomen 
and general muscular hypotonia. On microscopic examination the stools 
contain large quantities of fatty material (“butter-stools”), visible 
grossly as well as microscopically. When the child is on unskimmed 
milk the fat in the feces may run from 40 % to 70 % of the dried material ; 
a large proportion of the fecal fat remains unhydrolyzed, though this 
finding is not constant. Roentgenograms of the long bones usually 
show osteoporosis; rickets when present is usually mild. The infants 
have a low tolerance for alimentary fat including cod-liver oil and get 
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along much better on skimmed milk formulas. They sometimes 
develop keratomalacia or xerophthalmia, and are highly susceptible to 
respiratory tract infections. Many succumb during the infancy period 
to chronic interstitial bronchopneumonia complicated wth bronchiec- 
tasis. That these patients have faulty absorption of vitamin A has 
been shown by Breese and McCoord,^ and by May and McCreary who 
showed a poor rise in the levels of vitamin A and of carotenoids in the 
blood following ingestion of large quantities of \dtamin-rich fish-liver 
oil. In this regard the children react not unlike patients with celiac 
disease, except that their rate of absorption is very Ion-, almost non^ 
existent. Apparently in pure celiac disease there is sufficient absorption 
over a prolonged period to account for the lack of ^^tamin A deficiency. 

After the first 6 months of life the other manifestations of the celiac 
sjmdrome became apparent. Infantilism is striking, the muscles are 
wasted, the abdomen is large, meteorism is very prominent, the stools 
are bulky and malodorous, the glucose tolerance curve is fiat, the 
gastro-intestinal roentgenograms show clumping, and the general pic- 
ture shades into the familiar one originally described by Gee and 
Herter. 

The problem of clinical diagnosis of cystic pancreatic fibrosis is being 
approached from the standpoint of assay of pancreatic enzjTnes in the 
duodenal secretion of patients suspected of ha\-ing the disorder.*' In 
pancreatic deficiency, and temporarily in marasmus, Andersen found 
that the values for trjqjsin, lipase and amylase were minimal, whereas 
in other gastro-intestinal conditions including celiac disease the values 
were in or near the normal range. The assay of trypsin was found to 
be most reliable, whereas that for amylase was inconstant and unde- 
pendable. The next 12 months should see several additional reports 
from present workers in this field. 

Differential Diagnosis. Because of the great overlapping in the • 
clinical features, the differentiation from celiac disease is not always 
easy when the patient is beyond the stage of infancy when first seen. 
Generally speaking, with pancreatic fibrosis the onset occurs earlier 
and the clinical course is more severe. Anorexia is uncommon in the 
early stages. There are accompanying symptoms of bronchitis or low- 
grade lung involvement, and staphylococcic bronchopneumonia con- 
stantly threatens to carry the patient off. The level of vitamin A and 
of carotenoids in the blood is very low, and there is little or no response 
to the ingestion of a high test dose of fish-liver oil. In severe cases the 
patients do not respond well to the typical celiac disease diet, which is 
one high in protein, rich in carbohydrate and low in fat. 

The most useful method for differentiating pancreatic steatorrhea 
from celiac disease would appear to be by studies on pancreatic secre- 
tion obtained by the duodenal intubation route, as discussed above. 
Analysis of the stools for the presence or absence of split fats has been 
suggested-* as a means for differentiating between celiac disease and 
pancreatic fibrosis on the hypothesis that in the absence of pancreatic 
lipase the fat content of the stool would be in the form of triglycerides 
rather than in the form of fatty acids. This proposed differentiation 
point has not worked out in actual practice. In many cases of pan- 
creatic fibrosis a high percentage of acids is found, the fats of the <liet 
having been split presumably by lipase of the intestinal juice.’* Deem 
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and McGeorge ]la^^e pointed out that the concentration of fat in the 
stool depends on the diet; on a low fat intake the stools may be normal 
but with a high fat diet the percentage of total fecal fat will rise. 

Relation to Vitamin A Deficiency. Blackfan and Wolbach® described 
a series of histologic changes in one or more parts of the respiratory 
system of 11 children who died with signs of vitamin A deficiency. 
These changes in brief consisted of bronchitis and pneumonia secondary 
to squamous metaplasia of the epithelium of the respiratory tract. 
This type of pneumonia was primarily an interstitial one with secondary 
involvement of the alveoli and the alveolar ducts. The bronchioles and 
small bronchi were greatly dilated, their lumens being filled with neutro- 
phils. Their walls were thickened and surrounded by collections of 
phagocytes. Frequently destruction of the' Avails of the bronchioles 
occurred, and AA'idespread replacement of living parenchyma by connec- 
ti\"e tissue AA'as found in the more chronic cases. Bronchiectasis followed 
by interstitial invasion of the lung AA'^as the typical lesion. Interestingly, 
only 6 of their 11 cases shoAA'ed cystic fibrosis of the pancreas. It is the 
general feeling that these bronchieetatic lung changes are either inde- 
pendent congenital anomalies occurring in association with a malformed 
pancreas, or else they represent the end-results of faulty vitamin A 
absorption from the intestinal tract. In favor of the Autamin A defi- 
ciency theory are reports on clinical improvement folloAving feeding of 
large doses of vitamin On the other hand some patients 

dcA’-elop signs of bronchiectasis A'^ery early in life, before deficiency 
changes AAmuld be expected to appear,*^ Avhereas many others fail to 
shoAV any other positive evidences of hypovitaminosis clinically or 
pathologically,'*® 

Treatment. A fcAv reports have appeared,^® and the RevieAver 
knoAvs of other instances, in Avhich such children have been much 
helped by the use of pancreatin. GiA^en in approximately 1 gm. doses, 
coincidentally Avith each bottle feeding, this crude pancreatic extract 
has produced resumption of weight gain, reduction in the quantity of 
fat lost in the stool, and an increase in the percentage of split fecal fat. 
In addition, the diet should be Ioav in fat and high in calories, and vita- 
min A in generous quantities should be given both by mouth and 
parenterally. As Andersen-"'® has pointed out, animals Avith ligated 
pancreatic ducts require greater quantities of food than normal to 
maintain health, and children haAung inadequate pancreatic function 
should similarly receiA’^e a caloric intake in e.xcess of the usual amount 
for their age. 

Terminology. Numerous names have been applied to this disease in 
the past, Avith the result that the nomenclature has been in a state of 
confusion. Cases in the literature haA^e been reported as pancreatitis 
congenital stenosis of the pancreatic duct;®® pancreatic disease;'** atrophy 
of the pancreas;®'* congenital pancreatic steatorrhea ;®®''*® celiac disease;®® 
congenital cystic fibromatosis of the pancreas;*® agenesis of exocrine 
portion of pancreas;*® congenital pancreatic disease;** cirrhosis of the 
pancreas;®® congenital familial steatorrhea.*® In aocav of the obscurity 
Avhich still attends the pathogenesis and fundamental nature of this 
interesting and puzzling lesion, it aa'OuW seem AA'ise, for the present at 
least, to continue AA-ith the currently popular term cystic fibrosis of the 
pancreas, AAdiich directs attention to tAA'o conspicuous features of the 
gross and microscopic findings. 
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Causes of the Onset of Labor. Danforth and Ivy^ recently have re- 
viewed our understanding of this subject. The extrinsic nerves of the 
uterus appear to be entirely unnecessarj'^ for the spontaneous inception 
and maintenance of labor. Placentation, pregnancy and parturition 
may proceed unhindered after transection of the spinal cord, after lum- 
bar sympathectomy, and following section of all of the extrinsic uterine 
nerves, or removal of the utero-vaginal ganglia. Whether the intrinsic 
uterine plexuses play a role is a debatable question, since they are 
necessary in some species, but apparently not in others. 

Reynolds^” stresses the role of distention as a factor which inaugu- 
rates labor. He and others believe that there is no single known cause 
for the onset of labor; that parturition begins as the result of the 
gradual accelerating convergence of a number of factors — structural, 
humoral, nervous, nutritional and circulatory. These act at a time 
which is characteristic for each species, and, adapted to the morpho- 
logic conditions present in each, lead to the evacuation of the uterine 
contents. 

He groups the factors controlling pregnancy and labor under two 
headings: 1, Those which stabilize pregnancy, and 2, those which 
stimulate the myometrium. 

Stabilizing Factors. The two chief stabilizing factors are the corpus 
luteum and the placenta. Their relative importance Varies in different 
species. 

Corpus Luteum. Experiments indicate that any condition which 
prolongs the life of the corpus luteum, or which produces new corpora 
lutea has a tendency to prolong pregnancy, at least in certain species. 

The role played by the corpus luteum shows species variations. 
This is illustrated by the observation that ovariectomy during preg- 
nancy invariably results in abortion in such animals as the rat, mouse, 
rabbit, cow, squirrel, opossum and goat but not in man or the monkey. 
Intermediate between these two extreme effects of ovariectomy is the 
case of the guinea pig, in which ovariectomy after the first third of 
pregnancy does not always lead to abortion, although a high percentage 
of animals do abort, and those which do not usually produce small 
litters. The placenta is generally considered to be the source of these 
differences. 

The Placenta. The existence of the placenta is believed to favor the 
maintenance of pregnancy. This is illustrated by the following experi- 
ment: If ovariectomy is performed upon animals, and all fetuses hut 
one are removed, leaving all placental tissue in sihi, the remaining fetus 
will survive, and the pregnancy will continue in a normal manner. 
Under these conditions the mass of placental tissue has been increased 
in proportion to the mass of fetal tissue. The placenta may either 
prolong the life of the corpus luteum, or take over its function by sup- 
plying a similar hormone. 

Stimulating Factors. Estrin is believed to be necessary for the initia- 
tion and maintenance of coordinated rhythmic motility of the normal 
uterus. It increases its excitability, primes it for parturition, and 
increases its reactivity to the oxytocic principle of the posterior lobe 
of the pituitary gland. In the human, at least, estrin is believed to be 
elaborated by the placenta, as well as by the ovary, since ovariectomy 
does not modify the estrin excretion curve, yet, immediately after 
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parturition the estrin level drops to that observed in castrated women. 
One of the first effects of estrin upon the experimental animal is to 
produce hyperemia. 

Certain clinical e\adence suggests that estrin influences human uterine 
activity. For example, when given to amenorrheic women, it has 
stimulated tubal activity in w’hat Avould be the mid-interval of the 
menstrual cycle. Also in young girls treated with estrin for gonorrheal 
vaginitis, low mid-abdominal cramps have been observed a day or 
two after the start of treatment. Furthermore, prolonged treatment 
with estrin has been observed to stimulate uterine activity in cases of 
missed abortion and uterine inertia. 

The time interval betw^een treatment and effect varies. During 
pregnancy, on the average, the latent period is about 7 hours; Avhereas, 
in the case of women treated some 7 days postpartum, it has been 
found to be as short as a few minutes. 

Estrin is believed to bring about a progressive absorption of the 
amniotic fluid in late pregnancy. This effect appears at the time when 
the uterus is ceasing its most rapid growth. As a result of these chang- 
ing conditions the fetus now occupies the place formerly filled b^" the 
fluid, and in part causes further distention of the uterus. The increas- 
ing distention tends to increase the irritability of the uterus. Also, 
since the fetus now has ceased to be a floating body, it is a better object 
for expulsion by the contracting uterine muscle. Experiments have 
shown that, in the case of the rabbit, the efficiency of the circulation 
of maternal blood through the placenta diminishes as pregnancy ad- 
vances. This takes ‘place at a time when the fetus is growing most 
rapidly, and is thought to result from the intra-uterine pressure. 

In the human, at the start of the eighth lunar month of pregnancy, 
there has been observed a beginning thrombosis in many of the venous 
sinuses of the placenta, and the iumina of many of the vessels become 
obstructed with giant cells. Moreover, at this time the dry weight of 
the placenta increases less rapidly than does the volume of the placenta, 
whereas in the first 7 months of pregnancy the reverse holds true. 
The reversal of these two processes has been regarded as a sign of 
physiologic aging of the placenta. At this same time also, there is an 
increase in certain acids, especially amino-acids, and diminution of 
others such as proline, oxyproline, tryptophane, and especially arginine. 

Certain observers have studied the placental content of acetylcholine 
and choline, but the results of their studies appear to be conflicting. 
Review of work on other hypothetical oxytocic suiistances leads to no 
final conclusions regarding the roles which they might play in the 
mechanism of labor. For true labor, the heightened contractile powers 
of the uterus require the intermediation of integrating factors, for if 
intense contractions of the myometrium alone were sufficient for par- 
turition, in the absence of an integrating factor, the administration of 
an o.xytocic drug would hasten the process without real danger of 
rupturing the uterine wall. 

^Yhat the factors are which cfnirdinate the activity of the uterine 
muscle bundles during iai)or arc not known. Although there is no 
evidence that the nerves to and within the uterus are essential for par- 
turition, some observers, nevertheless, believe that an intrinsic nervous 
mechani.sm within the uterus is involved in the parturition mechanism. 



GYNECOLOGY AND OBSTETRICS 


909 


and that the presence of sensorial corpuscles in the lower uterine segment 
offers anatomic support for this hypothesis. 

Chemistry. Certain chemical changes occur in the uterus during 
pregnancjL These include a doubling in the amount of phospho- 
creatine, and paralleling this, a similar increase in its glycogen content. 
Both substances appear to be necessary for efficient muscular activity. 
In addition to these two substances, increases occur in glutathione and 
calcium. 

Uterine activity and reactivity appear to be augmented by calcium 
ions and, conversely, are rendered relatively or absolutely quiescent by 
relative calcium lack. There also appears to be an interaction between 
calcium and potassium. Ivy has found that the absence of potassium 
may be just as potent a stimulus to the isolated uterus as an excess 
of calcium. 

The female sex hormones appear to influence calcium metabolism. 
It has been demonstrated in recentlj”^ parathyroidectomized animals 
maintained on minimal amounts of parathormone that tetany may be 
precipitated regularly by the occurrence of estrus, or pregnancy, or by 
the administration of extract of the anterior lobe of the pituitary gland, 
estrin or progestin. It thus appears that both estrogenic and progesta- 
tional hormones are capable of diminishing the available calcium. 

Uterine Contractions During Pregnancy and Labor. Murphy® in a 
series of recent contributions has recorded the character of the uterine 
contractions which take place in women during pregnancy, in order to 
discover whether any correlation exists between prelabor and labor 
activity. He employed for this purpose the Ldrdnd tocograph, which 
is a simple mechanical device for registering the uterine contractions 
through the medium of the anterior abdominal wall. On the basis of 
more than 1800 separate observations, he records the following: He 
made his earliest tracing on the 110th day of gestation. Although 
fetal movement was recorded as early as the 130th day, spontaneous 
uterine contractions were not registered until the 166th day of preg- 
nancy. The first recordable increase in general uterine tonus did not 
appear until the 222d day of gestation. 

The character of the uterine movements was influenced by the pro- 
gress of pregnancy in the. following manner; In the earlier months the 
uterus exhibited very little spontaneous activity. In some instances 
for more than 1 hour the uterus exhibited no spontaneous activity. 
This was followed by increasing activity which was rather slight in 
amount until a month or so before the onset of labor. This early 
activity was characterized by non-rhythmic contractions exhibiting 
' great variability. Several weeks before the onset of clinical labor, non- 
rhythmic variable activity was supplanted by rhythmic acti^^ty which 
persisted until clinical labor began.”^ During this last period, although 
the duration and strength of the contractions increased greatly, there 
was but little if any change in their frequency. 

Throughout both pregnancy and labor, although the pattern of 
contraction varied from patient to patient, there was observed an 
unusual similarity in the contraction patterns of any given indi\ddual 
from day to day. The character of the uterine activity during preg- 
nancy gave some clue to what the labor might be like. For exampl 
patients who experienced spontaneous contractions prior to the 
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week of gestation, had significantly shorter labors than those women 
who did not exhibit such early acti\dty.““ Likewise, multigravidas and 
patients experiencing relatively short labors exhibited contractions dur- 
ing late pregnancy which were less frequent, more rhythmic in occur- 
rence, stronger and longer in duration than did primigravidas and 
individuals who had longer labors.”*" 

From the sixth lunar month onward there occurred a progressive 
increase in the amount of spontaneous activity, which was accom- 
panied by a similar increase in the degree of responsiveness of the uterus 
to the administration of o.xytocic drugs“. There also appeared to exist 
a correlation betiveen the contractile response of the uterus to posterior 
pituitary extract during the last tivo months of pregnancy, and the 
character of the labor as indicated 'by its length.”® Patients who 
reacted to posterior pituitary extract experienced shorter labors than 
those who failed to react. Of the women who reacted, those who 
e.xperienced a clonic reaction had shorter labors than those who experi- 
enced a tetanic form of reaction. 

Anatomy of the Human Pelvis. Two classifications of the bony 
female pelvis have been formulated recently which are an aid to a 
better understanding of the mechanism of labor, and are of assistance 
in the management of patients who present difficulties during delivery. 
These classifications have been arrived at from a study of skeletal 
material and also from roentgenography of the living individual. 

Thoms Classification. According to this classification” female pelves 
fall into four major groups: 

Class I. DolichopclHc {Anthropoid). In this group the antero-poste- 
rior diameter of the pelvic inlet e.xceeds its transverse diameter, the 
pelvis being elongated antero-posteriorly. 

Class II. McsatipdUc {Round Type). Here the antero-posterior 
and transverse diameters are of equal length, or the transverse exceeds 
the antero-posterior by more than 1 cm. and less than 3 cm. 

Class ni. BrachypeUie {Oral Type). The transverse diameter is 
more than 1 cm. and less than 3 cm. greater than the antero-posterior 
diameter. 

Class IV. Platyprllic {Flat Type). The transverse diameter e.xceeds 
the antero-posterior by 3 cm. or more. 

Caldwell and Moloy Classification. Here the pelves are classified in 
four major groups, but with numerous subgroups.^ The major groups 
are as follows: 

Class I. Gynccoid. This is the normal pelvis of other classifications. 

Class II. Android. The inlet of this pelvis is triangular in .shape. 

Class III. Anthropoid. The inlet is oval with its longest diameter 
antero-posterior. 

Class IV. Platypclloid. The inlet is oval with its longest diameter 
transverse. 

In addition to the shape of the inlet, other features are taken into . 
account such as the size of the sacrosciatic notch and the nature of the 

angle formed by the pubic arch. _ . 1 1 r i 

.-Mthough study of pelvic configurations has thrown considerable liglit 
upon pelvic architecture, sis yet there appears to lie no agreement as to 
which of the two above classifications is the more practical. AH ob- 
servers admit, however, that knowledge of pelvic type facilitates a more 
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careful selection of patients for Cesarean section before labor, and that 
it is an aid in the conduct of difficult labors. 

Relation Between Pelvic Type and General Physical Characters. 
Ince,'^ from a study of 500 patients, could find no correlation between 
the type of pelvis and the general physical character of the individual, 
as expressed in her type of body build. Likewise he could find no cor- 
relation between such things as the male distribution of body hair, and 
the so-called male tendencies in the configuration of the female pelvis. 

Pelvic and Fetal Measurements. Studies in Roentgen pelvimetry 
indicate that the commonly employed manual measurements of the 
pelvis, especially that of the external conjugate, are of relatively little 
value. For example, Dippel,® from a study of 115 pelves, discovered 
that the difference between the external conjugate, and the obstetric 
conjugate, ranges from 4.93 to 13.5 cm. Consequently, he considers 
that the external conjugate measurement not only is useless but may be 
misleading, and therefore might as well be discarded as an obstetric 
procedure. Judson® holds similar views. 

Dippel, likewise, compared the diagonal and obstetrical conjugates. 
He found that a diagonal conjugate of 10.5 cm. might be associated 
in one case with an obstetrical conjugate of 10.2 cm. and in another 
instance with one of 8.2 cm. He concluded that Roentgen ray pelvim- 
etry is unnecessary, however, when the diagonal conjugate is 11.5 cm. 
or more, but necessary when less than 11.5 em. 

Judson® finds no correlation between fetal weight and headsize as 
measured before birth. 

Position of Head on Engagement. In the past it has been held that 
the sagittal suture of the head enters the pelvic inlet most often in one 
of the oblique diameters. Current Roentgen studies^** indicate that 
such is not the case; that the head enters most often in the transverse 
diameter of the inlet. 

Why the occiput enters the posterior pelvis in one instance, and the 
anterior in another, has never been determined. Judson® studied the 
pelves of 325 unselected primiparas roentgenographically, and concluded 
that the occurrence of occiput posterior positions bears no relation either 
to the shape of the pelvic inlet or to its size. On the other hand, Caldwell 
and Moloy and Thoms find that the occiput posterior position is asso- 
ciated frequently with pelves that have a relatively long antero-posterior 
diameter. This observation has the support of other workers. 

D’Esopo® finds that the position of the head on engagement depends, 
not only on the relative length of the antero-posterior diameter versns 
the transverse diameter of the pelvic inlet, but also upon the degree 
of narrowing of the forepart of the pelvic inlet. He observes that the 
narrower the pelvic brim as a whole, the more anteriorly or posteriorly 
will the fetal occiput lie. 

Mode of Engagement of the Head. Caldwell and Moloy^ have 
given us a new interpretation of the manner in which the head engages. 
Previously it was held that lateral flexion of the head tended to bring it 
synclitic with the inlet, i. e., the biparietal diameter becomes parallel 
to some diameter of the plane of the pelvic inlet. 

From Roentgen ray studies the above mechanism does not appear to 
be the usual procedure. According to Caldwell and Moloy the head 
engages in a posterior parietal presentation, with the saggital suture 
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directed toward the symphysis. Tlie anterior parietal bone slips behind 
the symphysis, while the posterior parietal bone remains relatively 
stationary. Thus the condition of synclitism rarely develops. 

Flexion. In the past, the attitude of the fetal head called flexion, 
i. e., the apposition of the chin to the chest, has been e.xplained on the 
ground that the distance from the foramen magnum to the chin is longer 
than the distance to the occipital protuberance, and in accordance with 
the law of the lei'er, the long arm will ascend when the head meets 
resistance. 

D’Esopo® explains flexion not on this reasoning but on the relationship 
between the line of force in the direction of the fetal spine and foramen 
magnum to the occipito-frontal plane. He believes that this is the best 
explanation since it permits of varying lengths of lever arms, depending 
upon the angle at which the force transmitted through the axis of the 
fetal spine is directed at the occipito-frontal plane. 

Role Played by Soft Parts. Caldwell, Moloy and D’Esopo-“ have 
studied the relation betn^een the presenting part and the pelvis at 
various levels during the course of labor, and make interesting observa- 
tions regarding the role played by the soft parts. 

They find that the lower uterine segment and its fascial attachments 
influence the feto-pelvic relationship throughout labor. Even before 
the head impinges upon the pelvic inlet they have noted definite mould- 
ing of the skull bones suggesting that muscular activity is responsible 
for this, as well as the fitting of the head into the pelvic brim. 

Caldwell and i\foloy observed that the lower uterine segment and its 
fascial attachments e.xhibit their ma.ximum guiding influence only after 
definite dilatation of the cervix has occurred. During labor the lower 
uterine segment normally causes the head to travel through the poste- 
rior segment of the pelvis, and at the same time produces flexion and 
moulding. The head may descend, howei'er, through the anterior part 
of the pelvis; here it encounters more resistance which often leads to 
slow dilatation of the cervix and inertia. It is apparently impossible, 
before the onset of labor, to determine in which part of the pelvis the 
head will descend. Numerous roentgenographic studies indicate that 
the axis of the lower uterine segment does not always coincide with the 
optimum axis of the pelvic canal. The head may enter the fore pelvis, 
rather than the posterior segment, and as labor progresses, it may shift, 
due to the influence of the soft parts. Jirrors in the mechanism pro- 
duced by the action of the soft parts ma\' result in serious dystocia. 

Internal Rotation. Current textbooks state that the head rotates 
internally as a result of meeting the resistance of the inclined plane 
of the pelvic floor, and whatever part of the infant reaches this first 
rotates to the front. D’Esopo* finds that the internal rotation receives 
its directional force first of all from variable resistances offered to it by 
the bony pelvis, in all of the pelvic planes through which the head 
descends, and only finally from the inclined planes of the pelvic floor. 
He observes that the internal rotation is influenced primarily I)y the 
shape of the pelvis. 

Danforth, Graham and Ivy^ studied the functional anatomy of lat)or 
as revealed by frozen sagittal .sections of the Macacos rhesus monkey. 
They found tlie first stage of labor to be characterized chiefly by retrac- 
tion* of the isthmus uteri. The intrinsic dimensions of tlic cervix did 
not alter appreciably during this period. 
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During tlie second stage of labor the cervix retracted to or above the 
true conjugate, and was accompanied by elongation of the vaginal 
portion of the birth canal. The corpus and isthmus retracted at a 
similar rate during the early part of the second stage. The shortening 
of the isthmus occurred early in labor and was sustained until it re- 
laxed to receive the placenta. -In contrast to the isthmus, ^ the corpus 
maintained its shortening or brachj'^stasis, which became even more 
marked after the birth of a part of the fetus. The isthmus did not 
lengthen in the absence of disproportion, but was relatively thin in 
contrast to the corpus. The placenta became almost completely sepa- 
rated by the end of the second stage of labor. 

Douglas P. Murphy, M.D. 
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The Electrical Potential of Acetylcholine and Choline in "Oil” Cells. 
R. Beutner and T. C. Barnes (Department of Pharmacology, Hahne- 
mann Medical College). Our communication is concerned with the 
one fact that acetylcholine is extremely active in “oil” cells. The type 
of “oil” cell used is a cup, filled with nitrobenzene or another “oil,” im- 
mersed in a saline solution containing benzoate. The addition of acetyl- 
choline even in dilutions of 1 : 100,000,000 negativates perceptibly the 
potential difference at the junction of “oil” and water. Since various 
water-immiscible substances in contact with saline are influenced by 
acetylcholine addition, one must conclude that the acetylcholine formed 
at the surface of the lipoid nerve fiber, also produces a negative electro- 
motive variation which is probably the spike potential. Therefore, 
there is no contradiction between the chemical and electrical theories of 
nerve transmission. 

There is a distinct specificity of action on these phase boundaries 
in “oil” cells: acetylcholine will produce negativity on nitrobenzene, 
guaiacol, and probably on some of the sterols but fails to work on 
glycerides like triacetin. Epinephrine produces a marked electrical 
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effect on triacetin, representative of glyceride fats. We can thus under- 
stand the difference in action of acetylcholine and epinephrine-like 
hormones on cholinergic and on adrenergic nerves. 

Difficulty arises from the well-known theory which assumes that bio- 
electric potential differences arise through the filtration of ions in elec- 
trically charged potes. This theory remains a hypothesis which has 
never been confirmed, in spite of countless attempts, including the 
experiments on collodion membranes by L. Michaelis. The explanation 
of biological currents and potential differences must be based on facts 
and noi on flimsy hypotheses. 


Extracellular Fluid Volume in Man, Its Measurement and Relation to 
Season. Arnoldus Goudsmit and Lauhence Louis (Department of 
Physiology, L’niversity of Pennsylvania). Extracellular fluid volume 
(E.F.V) was determined in healthy male volunteers as the mass of the 
water over which bromide and thiocyanate are distributed after their 
intravenous injections (“bromide space” [B.S.] and “thiocyanate 
space” [T.S.]). Final volume of distribution is not reached until 
12 hours. Thirty minutes and 90 minutes after the injection the vol- 
umes are only 82.9% and 90% of their final volumes, respectively. 
T.S. amounts to 88.1% of the B.S.; the final B.S. to 29.2 * 2.4% of 
the body weight (B.W.). 

In these normal individuals an inverse relationship was found to exist 
between serum proteins and E.F.V., a decrease of 1 gm. of protein being 
correlated with an increase of 3.8 ^ 0.8% (of the B.W.) in the E.F.V. 
Using such a correction, final B.S. was found to be 29.2 =*= 1.8% of 
the B.W. 

These fluid spaces are well reproducible in a given individual; the 
standard deviation from the mean of repeated determinations was 
=±=1.2% of the total E.F.V. Repeated determinations were made on 
7 individuals between October, 1940, and July, 1941, while outside 
temperatures varied between 16° and 95° F. Total E.F.V. {riz., circu- 
lating blood volume plus so-called “interstitial fluid”) was found to 
remain essentially constant throughout the period. Thus, inasmuch as 
there is a definite increase of the circulating blood volume in the warmth, 
the changes with sea.son tentatively may be taliulated as follows: 

Sensott . 



Cold. 

Warm. 


% of hodii 

<7, of body 


iceight. 

irdghl. 

Intorstitia! fluids 

. . 20 

185 

Blood volume 

. . 0 

105 

Tot.ul extracellular fluids 

... 29 

29 


Part, if not nearly all, of thc.se shifts may well take place in the skin. 


Reactions of Peripheral Vessels of Rabbits in Hypertension and in 
Response to Injections of Angiotonin. Rtcu.vrd G, .Ahell and luvist. 



PHYSIOLOGY 


915 


H. Page (Department of Anatomy, University of Pennsylvania, and 
Lill.y Laboratory for Clinical Research, Indianapolis City Hospital). 
Living arterioles in transparent moat chambers (Abell, R. G., and 
Clark, E. R. : Anat. Rec., 53, 121, 1932) in the ears of normotensive 
rabbits were observed with the microscope, and their diameters meas- 
ured. The animals were than made hypertensive by the methods of 
Goldblatt (Goldblatt, H., Lynch, J., Hanzal,'R. F., and Summerville, 
W. ^V.: J. Exp. Med., 59, 347, 1934) and of Page (Page, I. H.: Science, 
89, 273, 1939), and the diameters of the same arterioles measured again. 

Of the 10 rabbits operated upon, 4 became hypertensive. The blood 
pressure rose to from 1.4 to 2.1 times the normal level. Upon develop- 
ment of hypertension, persistent arteriolar constriction to from approxi- 
mately 0.4 to 0.7 their control diameters occurred in all instances. 
This constriction did not interrupt the blood supply, but presumably 
did increase the resistance to blood flow. No such persistent constric- 
tion was observed in the rabbits that did not become hypertensive. 

No capillary constriction was observed in the hypertensive rabbits; 
a slight constriction of some of the larger venules may have occurred. 

Persistent hypertension was associated in 2 instances with a few small 
hemorrhages. During the development of hypertension and its con- 
tinuance for a few days, new arteriovenous anastomoses appeared in 
the chambers. 

Intravenous injection of angiotonin into normotensive rabbits caused 
arteriolar constriction of approximately the same degree as occurred 
upon the subsequent development of persistent hypertension. 

In preliminary microscopic observations on vessels studied in a loop 
of intestine and its mesentery exteriorized in a celluloid chamber after 
the method of Zintel (Zintel, H. A.: Anat. Rec., 66, 437, 1936), angio- 
tonin, injected intravenously, produced a similar partial constriction of 
the mesenteric arterioles in a normotensive rabbit. 


Transplantation of Aneurogenic Forelimbs in Amblystoma Puncta- 
tum. Jean Pjatt (Department of Anatomy, University of Pennsyl- 
vania). Normal peripheral nerve distribution is attained by virtue of 
the early and intimate contact between nerve and end organ anlage 
during embryonic development. The question arises whether a normal 
nerve pattern may also result when morphogenesis occurs prior to nerve 
outgrowth. 

Operations were performed in three steps: (1) Extirpation of spinal 
cord segments 2-6 inclusive at stages 23-25; (2) parabiosis of operated 
embryo with normal of same stage; (3) grafting of aneurogenic right 
forelimb of operated member of pair in place of corresponding limb of 
normal larva of same age, 10 to 14 days postfeeding. Grafted limbs 
were allowed to grow until the host animals were approaching meta- 
morphosis. 

Limbs were studied with regard to initiation and development of 
function, after which the animals were killed and the normaley of the 
nerve pattern determined. 

All limbs attained the power of completely individuated movement 
iHid each functioned in coordination with the contralateral host fore- 
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limb. Tills occurred in some cases as early as fifteen days following 
limb transplantation. Innervation of specific muscles was appro.vimately 
normal; so-called normal innervation itself is subject to wide variation. 
The general nerve pattern was diagnostic of the typical punctatum 
forelimb and normal in most major particulars. Certain abnormalities 
occurred with greater frequency than others. The necessary conclusion 
from these experiments is that normal peripheral nerve distribution 
can be implemented by factors other than those operative in early 
ontogeny. 


Notice to Contributors. Manuscripts intended for publication in the Amebic.in 
JovKNAP or THE Medical SCIENCES, and correspondence, should be sent to the 
Editor, Dr. Edw.ard B. Krumbhaar, School of Medicine, University of Pennsylvania, 
Philadelphia, Pa. Articles are accepted for publication in the American Journal or 
THE Medical Sciences exclusively, except in the case of subsequent publication in 
Society proceedings. 

Two hundred and fifty reprints are furnished gratis — with covers if over 4 pages; 
additional reprints may be had in multiples of 250 at the expense of the author. 
They should be asked for when the galley proofs are returned. Contributions in a 
foreign language, if found desirable for the Journal, ■will be translated at its expense. 

Instructions to Contributors. Manuscripts should be tj^iewritten on one side 
of the paper only, and should be double spaced with liberal margins. The author's 
chief position and, when possible, the Department from which the work is produced 
should be indicated in the subtitle. Illustrations accompanying articles should bc 
numbered and have tj'ped captions bearing corresponding numbers. For identification 
they should also have the author's name wTitten on the margin or back. The recom- 
mendations of the American Medical Association Style Book should be followed. 
References should bo numbered and at the end of the articles, arranged alpha- 
betieallj' according to the name of the first author and should be complete, that is, 
author's name, journal, volume, page and year (in Arabic numbers). 

Return Postage should accompany all manuscripts but will be returned to the 
author if the manuscript is accepted. 
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